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ADVERTISEMENT, 


THIS Treatiſe was compoſed in 
Latin about ſixty Tears ago by Dr. 

David Gregory, then Profeſſor of Ma- 
| rhematicks in the Unrerſity of Edin- 

7 burgh, where it has been conſtantly + 
zaught ſince that time, immediately af- 
ter Euclid's Elements and the plain 
Trigonometry, as proper for exerciſing 
the Students in the Application of Geo- 
metry to Practice. The Bookſeller ha- 
ving procured an Engliſh Tranſlati- 
on of tt, which had been made by an 
ingenious Gentleman when a Student 
here, this Tranſlation has been reviſed ; 
and ſeveral Additions have been made 
to the Treatiſe ſelf, in order to ren» 

der it more uſeful at this time. The 
Reader will find theſe diſtinguiſhed 

from the Author's Text, 


College of EDINB, 
May 1. 1745. 


= 


| 
| | 
22 
E 
* 
| 
i 
[ 
1 
1 
1 [ 
2 j 
| 
<4 
4 ; 
» N 
*} N [ 
5 
— 
* bo 7 * 
5 i 13 
* «is . 
© Oh Bi 7 4. 
N = 4 
* ; 3 ke : : : | ? , * > | * x 
FH *% - * " 


Kk 4 


Aving explained | the 
WA firſt books of Encla, 
with the eleventh-and 
twelfth, which max 
ſerve for geometri- 

* © cal elements; and ha- 

ving alſo taught the plain Trigo- 
nometry; we are now to ſubjoin lome 
corollaries which are eaſily deduced 3 
from them, that contain practical 3 
o»ͤ © rules _ 
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* A Treatiſe of 


rules of great uſe in the affairs of m 
life, concerning the menſuration of ne 
lines, angles, ſurfaces and ſolids. ve 

This treatiſe of practical Geome- th 
try is divided into three parts. In in 
the firſt, we treat of the menſurati- ſai 


on of lines and angles; towhichwe | _. 
have ſubjoined ' Surveying. In the 

ſecond, we treat of ſurfaces, not of 
ſuch as are plane only, but of ſome 
curve ſurfaces likewiſe ; as of the ſur- 

face of the cylinder, cone and ſphere ; 


and of thoſe parts of the ſphere 

which we have frequently occaſion 
A to conſider. It is Wow ow to ex- | {1 
1 preſs the area of theſe in the ge (go | we 
Kal meaſures that are now in ule a- be 
mongſt us. The third part treats of an 
ſolid figures and their menſuration. ex 
After deducing the rules for finding cri 
the ſolid content of the paralellopi- we 

pedon, priſm,” pyramid, cylinder, 


cone, &c. from Euclid, we add from fee 
Archimedes the menſuration of the fy 
ſphere and ſpheroid, and of their ſeg- | -@ 

int ; 4 ments, 


practical Ces 3 
ments, demonſtrated in an eaſy man- 


ner; from whence a method is deri- 


ved for finding the contents of veſſels 
that are either full, or in part empty, 
in the wet as well as the dry mea- 
ſures that are now in uſe 1 us. 


2» 
5 #4 72) 
* 


PART * 


Line, or  lengrk + to ib fad 
ſured, whether it be diſtance, 


jeight or depth, is meaſured by a line 


leſs than it. With us the leaſt mea- 


| ſure of length is an inch; not that 
we meaſure no line leſs W it, but 


becauſe we do not uſe the ako 
any meaſure below that of an inch; 


expreſſin 7 leſſer meaſures by the fra- 


ctions of an inch; and in this treatiſe, 


ve uſe decimal fradtibrisdaithe; calieſt. £ 
Twelve inches make a foot, three 


feet and an inch make the Scoichiell, 
for oh make a fall, 5 
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1 ¶ Treatiſe f 
mile. So that the Scorch mile is 1184 
aces, accounting every pace to be 
Bee feet. Theſe things are according 
to the ſtatutes of Scotland, notwith- 
ſtanding which the glaziers uſe a foot 
of only eight inches; and other ar- 
tiſts for the moſt part uſe the Engliſh | *© 
foot, on account of the ſeveral Scales 
marked on the Engliſh foot-meaſure I *©* 
for their uſe, But the Engliſh foot ; 
is ſomewhat leſs than the Scbich, fo . 
as that 185 of theſe make 186 of 6 
tb ro 2 55 
Lines, to the extremities and any $5 
intermediate point of which you have 4 
eaſy acceſs, are meaſured, by applying | © 
$ to them the common meaſure-a num- 
ber of times. But lines, to which 
VvpJou cannot have ſuch acceſs, are me- 
fured by metliods taken from Geo- 
metry. The chief whereof we ſhall | ©. 
there endeavour to explain. The 1 
Hrſt is by the help of the geometri- £. 
veal: {quare, wt Vets et ally il ba 
s forthe: Engliſh mealutes, the 


5 1 # C d x © 
= im 8 A © yard NN 24] 
5 


WY 


l 
l 


e a * 
«yard is three feet or thirty ſix in- 
ches. A pole is ſixteen, feet and a 
<< half, or five yards and a half. The 
ec chain, commonly called Gunter's 
<« chain, is four poles, or twenty 
two yards, that is ſixty ſix feet. An 
« Enghſh ſtatute mile is fourſcore 
chains, or 1760 yards, that is 
£# qafo. feat. . 
The chain (which is now much 
ec in uſe, becauſe it is very conveni- 
cc ent for ſurveying) is divided into 
« à hundred links, each of which 
« is 725: of an inch; whence it is 
« eaſy to reduce any number of thoſe 
“ links to feet, or N number of 
$, eet to links. 
A chain that may * the . 
e advantages in ſurveying in Scor- 
land as Gunter's chain has in Exg- 
Land, ought to be in length ſeventy 
6 four feet, or twenty four Scors-ells; 
Fl if no; regard is had to the differ- 
+ | * ence of the Scorch and Engliſh 
be 8 foot above-mentioned. Bak if re- 
rd 8 aT 12 50 


* * 


wt A Treatiſe of 
— — is had to that difference, the 
<« Scotch chain ought to conſiſt of 


6-5 24 Engliſh feet, or 74 feet, 4 
c inches, and of an inch. This 


cc chain being divided into an hun- 


cc red links, each of thoſe links is 


9822 


cc 8 inches, and 43 of an inch.” 
In the following table the moſt 


noted meaſures are expreſſed in 


* ck. 72 inches ay decimals of an 


e 


The Engl 


ſh foot is - 12 ooo 

The Paris foot, 12 988 
* he Rhinland foot; meaſur- REY 
ed by Mr. Picart, eee 


The Scotch foot, 3 12 065 | 


The Aniſterdam FEY by 
Hnellius and Picart, 11 172 
T he Dantzick foot by He- pe 


veliux 11 297 
The D itt foot by: Mr. Pi- * 

cart, Ea 65 
The Swi hh foor by — fra. 2 

fame, — 2 11 692 


5 N peed g N 
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En. Tach. Dec. 


Practical — 7 


* Inch. Dec. 
af | The Bruffels foot V. Mn 4 
4 Picart, = = 10 3828 
ic | The Lyons foot by e 
5 at,, C 
pf The Bononian foot by Mie 8 
iu, 4 938 
The Milan "Ove by Mr. iT 
: Auzout, -- 15 631 
The Roman Palm uſed by I 
merchants, according N 
to the ſame, = 9 79% 
The Roman palm uſed by Ws 
Architects, 8 779 
The palm of Naples, aceynd off 
. . - cording to Mr. Auzont, 10 374 
The En 0105 yard, 36 000 
The Em gliſh ell, = 45 oo 


The . ell, 37 200 

The Paris aune uad bm 751 
Mercers, according to 
Mr. Pitard, = 46 786 

The Paris aune uſed by TE 

-* || +: Drapers, according tio 

9 22 rhe me, 1 10 46 680 


— . ⁵² ..., 


24 4 


\ 


* N - nale Bf 


T 1 N aune by Mr. 
" Auzout, — 
The Geneva aun, 


44 
The Amſterdam ell; - 26 
The Daniſh ell. by Mr. Pi- 


The Swed;ſh ell, — 23 


The Norway ell, — 


The Brabant or Antwerp ell, 27 
The Bruſſels ell, ; = 27 
The Brug OS ell, apt; 27 


The . of Benania ac- 
cording to Auzout, = 25 


The brace uſed by archi- 


tects in Rome, 30 


The brace uſed in Rome 9 


merchants, 

The Florence has ai * 
merchants, Oy to 
Picar. 22 


The Florence geographical. 


brace, © — 


The vara of Seerlle, — 33 
T he vara of Madrid, 39 


= 46 


Inch. Dee. 


$70 
'760 
195. 


DRIED 
380 
510 
170 

260 


200 


270 


* 
4 
* ol 
. 
$:-.\ 
5 
* | 
- * 
* 
LT 
. 
» * 


570 
117 
166 
The 


practical Geometry, 9 
The vara of Portugal, 44 031 
The cavedo of Portugal, 27 354 
The antient Roman foot, 11 632 
The Perſian ariſn, accord 
to Mr. Greaves, 38 364 
The ſhorter pike of Con- 03M 
frantinople, accordin 8 to | 
the ſame, _ 25 576 
Another pike of Conflan- * 
ſzenople, according to 
Meſſrs. Mallet and De lsa 4 
Forte, — 27 {0008 
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PROPOSITION 1K, 
ProBLEN * 


To Ane the firubture of the yon | 


zrical 1 quare. 


HE geometrical ſquare is made 


70 of any ſolid matter, as braſs 
27 or wood, or of any four plain rulers 
joined rogerher at right angles, (as 


in 


0 4 Treatiſe\of- 


in fig. 1.) where A is the centre, 


from which hangs a thread with a 


ſmall weight at the end, ſo as to be 
directed always to the centre. Each 


of the ſides, BE, and DE, is divided 


into an hundred equal parts, or (if 
the ſides be long enough to admit 


of it) into a thouſand parts; C, and 


F, are two ſights fixed on the ſide 
AD. There is moreover an index 
GH, which, when there is occaſion, 
' joined to the centre A in ſuch 
manner as that it can move round, 


and remain in any given ſituation. 


On this index are two ſights per- 
pendicular to the right line going 


from the centre of the inſtrument; 


theſe are K and L. The ſide DE of 
the inſtrument is called the upright 


ſide, BE the reclining ſide. 


- 


 PROPO- 


equal parts: It is c 


practical Geometry, 11 
PROPOSITION II. Fie. 2. 


To meaſure an acceſſible height, AB, 
by the help of a geometrical ſquare, 
its diſtance being known. | 


r BR be an horizontal plain, 
on which there ſtands per- 
pendicularly any line AB: Let BD, 
the 3 diſtance of the obſerva- 
tor from the height, be 96 feet; 
let the height of the obſervator's 
eye be ſuppoſed 6 feet; and let the 
Inſtrument held by a ſteady hand, or 
rather leaning on a ſupport, be di- 
rected towards the ſummit A, ſo that 
one eye, (the other being ſhut,) may 
ſee it clearly thro' the fights ; the 


perpendicular or plum-line mean 


while nanging free, and touching 


the ſurface of the inſtrument : Let 
now the perpendicular be ſuppoſed 
to. cut off on the right ſide KN 80 

Join that LEN, 
BY ACK, 


„6% Nene + 
ACE, are ſimilar triangles; for the 
angles LKN, ACK, are right angles, 
and therefore equal; moreover LN 
and AC are paralell, as being both 
perpendicular to the horizon; con- 
ſequently, by prop. 29. 1. B. of Hu- 
clid. the angles KLN, KAC are e- 
qual; wherefore by the ſecond cor- 
rolary of the 32. prop. 1. B. of Eu- 
clia, the angles LNK, and AKC, are 
likewiſe equal: So that in the triangles 
NKL, KAC (by the 4. prop. of the 
6. B. of Euclid) as NK: KL: : KC 
(i. e. DB); CA; that is, as 80 to 
100, ſo is 96 feet to CA. There- 
fore, by the rule of three, CA will 
be found to be 120 feet; and CB, 
which is 6 feet, being added, the 
whole height is 126 feet. 
But if the diſtance of the obſer- 
vator from the height, as BE, be 
ſuch that when the i 8 is di- 
rected as formerly toward the ſum- 
mit A, the perpendicular fall on the 
angle P, oppoſite to H, the 3' 


1 
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of the inſtrument; and BE or CG be 
given of 120 feet, CA vill alſo be 
120 feet. For in the triangles HG, 
ACG, æqui- angular, as in the pre- 
ceeding caſe, as PG: GH : : GC: 
GA. But PG is equal to GH; there- - 


fore GC is likewiſe equal to CA. 


That is, CA will be 1 20 feet, and the 
whole height 1 26 feet, as before. 

Let the diſtance BF be 300 feet, 
and the perpendicular or plum- line 


cut off 40 equal parts from the reclin- 


ing fide: Now in this caſe the angles 


QAC, QZl, are equal, by the 29. 


prop. I. B. of Euclid. And by * &! 


ſame prop. the angles QZI, ZIs are 
equal; therefore the angle ZIS is e- 
qual to the angle QC. But the 
right angles. Therefore in the æ- 
quiangular | triangles. ACQ, SZI, 


by the 4. prop. of the 6. B. of Eu- 

chd, it will be as ZS: JI : : CQ: 
CA. That is, as 100 to 40, ſo is 
300 to CA. Wherefore, by the = 
* 0 Hh | | Ot 


um eier 

of three, CA vill be found to be of 
120 feet. And by adding the height 
of the obſervator, the whole BA will 


be 126 feet. Note, that the height 
is greater than the diſtance, when 
the perpendicular cuts the right ſide, 


and leſs, if it cut the reclined fide: 2. 


And that the height and diſtance 


are equal, if the perpendicular fall 
on the oppolire angle. 


SCHOLIUM. Fig. 3. 


If this: keighe * a tower, to be mea- 


ſured as above, end in a point, as in 
fig. 3. the diſtance of the obſervator 
oppoſite to it, is not CD, but is 
to be accounted to the perpendicular 


from the peint A; that is, to CD 


muſt be added the half of the thick 


neſs of the tower, viz. BD: Which 


muſt likewiſe be underſtood in the 
following propoſitions," whe the caſe | 


is s imilar, | 


. 


PRO- 


fro: 


praflical Gromerry. 17 


\ 
r PROPOSITION III. Pros. Fic: 4. 


it WW From the height of a tower AB given, 
n 0 find a diſtance on the horizontal 


"; Plain B 2 by the geometrical ſquare. 


ce E the inſtrument be ſo placed 

| as that the mark C in the op- 
bpoſite plain may be ſeen through the 

fights, and let it be obſerved how ma- = 

ny parts are cut off by the perpend : 

cular. Now by what hath been al- | 

ready demonſtrated, the triangles 

AEF, ABC, are ſimilar; therefore, | 

by 4th, 6. Eucl. it will be as EF to 

AE, ſo AB (compoſed of the height 

of the Tower BG, and of the height 

of the centre of rhe inſtrument A, 

above the tower AG) to the diſtance 

BC. Wherefore, if by the rule of 

three, you ſay, as EF to AE, ſo is AB 

to BC, it will be the diſtance ſought. 


— 
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PROPOSITION IV. Fic.” 5. 


To meaſure any diflance at land or 


L fea, by the geometrical ſquare. | 


© 


P this operation the index is to 


be applied to the inſtrument, as 


was ſhown in the deſcription ; and by 


the help of aſupport, the inſtrument 


is to be placed horizontally at the 


point A; then let it be turn d till the 
remote point F,whoſe diſtance is tobe 


meaſured, be ſeen through the fixed 


| fights : and bringing the index tobe 


allel with the other ſide of the in- 
ment, | obſerve by the ſi ghts upon 


it any acceſſible mark B, at a ſenſible 


diſtance: then carrying the inſtru- 
ment to the point B, let the immove- 
ſtation A, and the ſights of the index 
to the point F. If the index cur the 
right ſide of the ſquare, as in K, 


in the two triangles BRK, and BAE, 


" 


which 


pratiucal Geonittry. 7 
which are æquiangular, it will be 
(by 4th 6. Eucl.) as BR to RK, ſo 
BA (the diſtance of the ſtations to 
be meaſured with a chain) to AF; 
and the diſtance AF ſought, will be 
found by the rule of three, But if 
the index cut the reclined ſide of the 


ſquare in any point L, where the 
diſtance of a more remote point is 


ſought; in the triangles BLS, BAG, 


AG the diſtance: ſought 


the fide LS ſhall be to 5B, as BA to 
Nee will be found by x the: male | 
of three. FEST. 3 | > oe 


y L 


PROPOSITION v. 


FP 


aon. 5 10. 6. 


15 — an i 4 p 


we 


＋ 


1 Et AB. be darth bl 
ſured; let the intror be placed 


means * a Plain mirror. 


at = in he horozontal plain D at a 


C | Known 


| 
1 
1 
4 
/ 
0 
1 
f 
| 
f 
: 


height of the tower ſou 
'rhtefoe- we 1 vi arm by: the rule 


11 2 1 he #., 


known diſtance BC: let the ob- 
ſerver go back to D, till he ſee 
the image of the ſummit in the mir- 


ror, at a certain point of it which he 


muſt diligently mark, and let DE be 


the height of the obſervator's eye. 


The triangles ABC and EDC are æ- 
quiangular: For the angles at D and 
B are right angles; and ACB, ECD, 


are equal, being the angles of inci- 
dence and reflection of the ray AC, 
as is demonſtrated in optics ; Where 


fore the remaining angles at A, and 
E, are alſo equal: therefore, by 4th, 
6. Eucl. it will be, as CD to DE, fo 


| GB to BA; that is, as: the ditince of 


the obſervator om the point of the 

mirror in the right line betwixt the 

ere and t 
Weg t of the obſervatorꝰs eye, ſo 

44 

that point of the mirror, to the 

che which 


a = Miles 
Note 


\ 


e height, is to the 


the diſtance. of the tower from | 


wake Geometry. 19 


Note iſt, The obſervator will be 
more exact if at the point D, a ftaff 


ir- be placed in the ground perpendicu- 
he larly, over the top of which the ob- 
be I ſervator may ſee à point of the glaſs 
ye. ¶ exactly in a line pern er vim: and the 
x- tower. GLIS 


Note 2d, In place of a mirror may: 


D, be uſed the ſurface of water contain 
ci- ed in a veſſel, which naturally be⸗ 
C, comes Parallel: to r Bene Js 


ES '1'' - * * 3.4 
| 7 52 | \c # (3! 231 4 
* 


PROPOSITION: vi; Fig. > 7. 1 


th, | 
, fo To meaſure an ace Ble height 4 B 
: of OP means fi rwo Faves.” * 
rhe afl 

the 


Db. roms * plated fexpendionl 


larly in the ground a longer 
ſtaff DE, likewiſe à ſhorter one FG, 


om ¶ ſo as the obſervator may ſee A, the 
the ¶ top of the height to be meaſufed, 
ich over the ends D, F, of the two ſtaves 


let FH and DC parallel to the hori- 
zon meet DE and AB in Hand Q 
4 : C 2 ö then 


20 ik Treatiſe of + = 
then the eee FHD, DCA, ſhall BL 
be æquiangular; for the angles at C, Le 
and II, are right ones, likewiſe the pe! 
angle A, is equal to the angle FDH, EE 

by 29. 1. Eucl. Wherefore the re- =q 
maining angles DFH, and ADC, are E, 


alſo equal: wherefore by 4. 6. Eucl, 
as FH, the diftance of the ſtaves; to 
HD--the exceſs of the longer ſtaff 
above the: ſhorter; ſo is DC =_ di- 
ſtance.:of-;rhe! longer ſtaff from the 


8. 8 


tower, to CA the exceſs of the height ¶ che 
of the tower above the onger ſtaff, hei 
And — CA vill be found by che on 
rule of three: fall 
To which if the . DE: he ad- if 
ded,you will have the 11 hrig ht of pla 
ers tower HAI Ee 13 9 


+” w Fas # 


' 


ny. en wed) 7 b ran — 85 oo 242. 


I K 2541 Wart 45 fo #21 


Many other; nde may . e251 


 occaſionally-contrived: *. 18 
| an acceſſible height. — For Kaim hs 
fromthe ens fo of the 3 155 
: r B50, US 


CSS 
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BD, I find out the height. AB thus; 
Let there be erected a ſtaff CE per- 
pendicularly, producing the ſhadow 
EF: the triangles. ABD, CEF, are 
æquiangular, for the angles at B, and 
E, are right; and the angles ADB, 
— CEE, are equal, each being eg 
qual to the I of che ſun's 5 
tion above the horizon; therefore, 
by 4. 6. Eucl. as EF the ſhadow * 
the ſtaff, to EC the ſtaff itfelt, ſo BD 
the ſnadow of the tower, to BA the 
| height of the tower; tho the plain 
on which the ſhadow. of the tower 
falls be not parallel to, the horizon, 
if the ſtaff etected id the {ame 
plain the rule will be r e lame. 61 28 


100148 1 tes ? :, * e 
HS 4503} $ N 431434 JT - it Lb. Gd 
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PROPOSITION VII. 


7 To eaſe, an inacceſſs ble bright by 'Y 
means of 20 en 


T ltherto: we have appeled hs 
height to be acceſſible, or that 


we can come at the lower end of it: 
now if, becauſe of ſome impediment, 
ve cannot get to a tower, or if the 
point whoſe height is to be found 
out, be the ſummit of a hill, ſo that 
the perpendicular be hid waithiiin the 
hilt; if I lay, for want of better in- 
ſtruments, fuch an inacceſſible height 
is to be meaſured by means of two 
| ſaves, let the firſt obſervation be 

made with the ſtaves DE and FG 
as in Prop. I. then the obſervator 
is to go off in a direct line from the 
the height and firſt ſtation, till he 
come to the ſecond ſtation, where 
he is to place the longer ſtaff per- 
re of at RN, and the as | 


practical Geometry. 23 
ſtaff at KO, ſo that the ſummit A 
may be ſeen along their tops, that 
is, fo that the points KNA may be 
by in the ſame right line. Through the 
point N let there be drawn the . 
© line NP parallel to FA : wherefore 
he in the triangles KNP, KAF, the 
angles KNP, KAF are equal by the 
29th 1. Eucl. allo the angle AK F is 
common to both; conſequently the 
remaining angle KN is equal to 
the remaining angle KFA. And 
therefore by 4th 6. Eucl. PN : FA 
:: KP : KF. But the triangles 
PNL, FAS, are ſimilar. Therefore, 
by 4th 6. Eucl. PN ::FA : : NL: 
SA. Therefore by the 11th 5. Eucl. 
KP: KF: : NL: S4. Thee 
alternately it will be as KP (the 
Exceſs of the greater diſtance of the 
ſhort ſtaff from the long one a- 
bove its leſſer diſtance from it) 
to NL, the exceſs of the longer 
Staff above the ſhorter, ſo KF, the 
diſtance of the two: {tations of the 
er a 
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. kaff, to SA the exceſs of the 
height ſought above the height of 
the ſhorter ſtaff. Wherefore SA will | 
be found by the rule of three. To 
which let the height, of the ſhorter 
ſtaff be added, and the ſum will give 

the _ inacceſſible eb BA, 

Q E. F. 

Note 1. clit the ſame manner 

_ an! inacceſſible height be found by a 

' geometrical ſquare, or by a plain ſpe- 

culum. But we ſhall leave the rules 
to be found out by the ſtudent for 

bis own exerciſe. | 

Note 2. That by the height of 

bis ſtaff we underſtand, its height a- A, 
i bove the prom: in which it is fix-¶ be { 


Note z. Hence uren the 3 ; 
* uſing other inſtruments invented pen: 
by ee for example of the ¶ poi 
{ geometrical croſs; and if all things ſuch 
be juſtly weighed;a like rule will ſerve ¶ be i 
for it as here: but we incline to touch be ff 
_ "_ what is moſt pn. be d 
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the 


PROPOSITION VII Fis: 9. 
To meaſure the diftance AB, t one of 


whoſe extremities we have acceſs, by 


the help of four ftaves. 


E there be a ſtaff fixed at the 
Point A, then going back at 
ſome ſenſible diſtance in the fame 

right Line, let another be fixed in C, 
(ſo as that both the points A and B 

be cover'd and hid by the Staff C.) 

Likewiſe going off in a perpendicular 

from the right line CB at the point 

Ah melhodef doing which ſhall 3 

be ſhown in the following Scholium) 8 

let there be placed another Staff at 

H; and in the right line CKG (per- 
pendicular to 125 fame CB' at the 

point C,) and at the point of it K, 

ſuch that the points K, H and B may 

be in the ſame right line, let there 

be fixed a fourth ſtaff. Let there 

be drawn, or let there be ſuppoſed 
15 „ "+ 


in your hand their extremities join- 


e 


24 A Treatiſe of + 
to be drawn alight line HG parallel 


is 

to CA. The: triangles KHG, HAB the 
will be equiangular ; for the angles tw. 
HAB, KH are right angles. Alſo W wh 
by 29th 1. Eucl. the angles ABH, ed, 
KHG are equal, erco by the ar 
Ath 6. Eucl. as KG (the exceſs of per 

5 EK above AH) to GH or to CA, by 
the diſtance betwixt the firſt and a- un! 
cond ſtaff, ſo is AH the diſtance be- are 
twixt the firſt and third ſtaff to AB pal 
the diſtance. ſought. zur! 
SCHOLIUM. Tia. 10. pi 


To draw on a plain a * line 
AE perpendicular to CH,. from a 
given point A, take the right lines 
AB Ab, on each ſide equal, and in WF 
the points B and D, let there be fixed 
ſtakes, to which let there be tied two 
equal ropes BE DE (or one having 
a mark in the middle) and holding 


ed, (or the mark 3 in the middle, if it he 


18 
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is but one) draw out the ropes: on 
the ground; and then; - where the 
two ropes meet, or at the mark, 
when by it the rope is full ſticheh⸗ 
ed, let. there be placed a third ſtake 
at E, the right line AE vill be per- 
Ur to CH in the point A, 
y rrth r. Eucl. In a mafiner not 
unlike to this may any problems that 
are reſolved by the ſquare and com- 
paſſes, be done by ropes and a cord 
Pee round as a e 2 2949 


8 


12 


7 FR he Alen 4 B, "one i of 
4 wage extremities 7s ace ible.” 


"wen the point: A; let then rig oh 
line AC of a Known . be 
hae rpendicular to AB (by the 
I Scholium, ) likewiſe 5 
the right line CD . derpendicular to 
CB meeting the right line AB in D, 
n by the 8th! 6. Eucl. as Da. 
4 2 AC 


- 
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DA and AC are given, AB will be 
5 found by the rule of three, Q. E. F. 


CHL. 
3 ; ov . * , 


All che preceeding operations de- 
pend on the equality of ſome angles 
of triangles, and on the ſimilarity Wn 
of the triangles ariſing from that e- 
quality. And on the ſame princi- 
ples depend innumerable other ope- 
rations which a Geometrician will 
find out of himſelf, as is very obvi- Wl 
ous. However, ſome of theſe ope - 
rations require ſuch exactneſs in the 
Work, and without it are ſo liable to 
errors, that, ceteris paribus, the fol- 
lowing operations which are per 
formed by a trigonomerrical calcu- 
lation, art to be preferred. Vet could 
we not omitthote above, being moſt 
raſy in practice, and maſt clear and 
/ evident to thaſe ho have :only the 
firſt elements of Geometry. But if 
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you are provided with inſtruments, 
the following operations are more to 
be relied upon. We do not inſiſt 
on the eaſieſt caſes to thoſe who are 
skilled in plain Trigonometry, which 
is indeed neceſſary to any one who 
would apply himſelf to practice. It 
will be eaſy to the reader to find ex- 
amples, and we have ſhown in plain 
Trigonometry how to find the angle 
or ſide of any plain triangle that is 


required, from the angles or hides 


that may be given, _ 
PROPOSITION X. Fs. 12. 


To deſcribe the conſiratlion and uſe of 
ibe geometrical quadrant, 


HE geometrical quadrant is the 
fourth part of a circle, divid- 
ed into ninety degrees, to which two 
ſights are adapted, with a perpendi- 
cular or plum- line hanging from the 


. . | in- 


In 


— 
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inveſtigating . angles in à vertical 
plain, comprehended under right 
lines going from the center of the 
inſtrument, one of which is hori- 
zontal, and the other is directed to 
dome viſible point. This inſtrument 
is made of _ — 0 uartet, As INES 
open} &c a 2 | . 1 1 


+ Fo oy 


; TOR — 


„orostrios xr; rie. 13, 
To deferibe the male a 


graphometer, 2% 2G 


"HE oraphometer 1 is a ſemicircle 
made of any hard matter, of 
wood, for example, or braſs, divid- 
ed into 180 degrees; ſo fixed: on a 
fulcrum, by means of a braſs ball and 
ſocket, chat it eaſily turns about and 
retains any ſituation; rwo-fights are 
fixed on its diameter. At the center 
there is commonly à magnetical 


-needle i in a box. There is likewiſe a 


moveable r uler, which turns round 
201 * the 


16 95 1 the 
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cal || the center, and retains any . ſituation: 

ght given it. The uſe of it is to obſerve 
the any angle, whoſe vertex is at the 
Yri- || center of the inſtrument in any plain, 
to (though it is moſt commonly hori- 
ent || zontal, or nearly fo) and to find how] 
od, many degrees it contains. in 
PRO POSITION XII. 


F 16. 14. and 15. 


Zo deſcribe the manner in which angles | 
are meaſuredbya quadrant or gra, 
cle A 
3 3 _ 
d- E there be an angle in a ver- 
nal tical plain, comprehended be- 
and | tween a line parallel to the horizon 
and HK, and the right line RA, coming 
are from any remarkable point of a 
iter tower or hill, or ; from the ſun; moon. | 
ical or a ſtar. - Suppoſe that this angle 
ſea || RAH is to be meaſured by the qua- 
nd |} drant: let the inſtrument be placed 
in. 


* 


in the vertical plain, fo as that the 
center A may be ih the angular point, 
and let the ſights be Greet to- 
wards the object at R, (by the help 
of the ray coming from it, if it be 
the ſun or moon, or by the help 
of the viſual ray, if it is any thing 
elſe,) the degrees and minutes in 
the arch BC, cut off by the per pen- 
dicular, will meaſure the angle RAH 
required. For from the make of the 
quadrant, BAD is a right angle; 
therefore BAR is likewife right, be- 
ing equal to it. But — HK is 
horizontal, and AC perpendicular, 
HAC will be a right angle; and 
therefore equal alſo ro BAR. From 
thoſe angles ſubſtract the part HAB 
that is common to both; and there 
will remain the angle BAC equal to 
the angle RAH. But the arch BC 
is the meaſure of the angle BAC; 
conſequently it is likewiſe the mea- 
fire of the angie Raff. 


Note, 


the 
int, 


on of DE, or of FG may be obſer- 
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Note, That the remaining arch 
on the quadrant DC is the meaſure 
of the angle RAZ, comprehended 
between the foreſaid right line RA 
and AZ, which points to the Zenith: 
Loet it now be required to meaſure 
the angle ACB (Fig. 15.) in any plain, 
comprehended between the right 
lines AC and BC drawn from two 
points A and B, to the place of ſtation 
C. Let the graphometer be placed at 
C, ſupported by its fulcrum (as was 
ſhown above) and let the immove- 
able ſights on the ſide of the inſtru- 
ment DE be directed towards the 
point A, and likewiſe (while the in- 
ſtrument remains immoveable) let 
the ſights of the ruler. FG (which is 
moveable about the-center C) be di- 
rected to the point B. It is evident 
that the moyeable ruler cuts off an 


arch DH, which is the meaſure of 


the angle ACB ſought. © Moreover, 
by the ſame method, the inclinati- 


ved 


— rs = 
. * _ 
— 


wm 1 Freanfe of © 


ved with the meridian line, which is || ( 
poitired, out by the magnetick needle P R 
incloſed in che box, and is move- 
able about the center of the inſtru- To 1 
ment, and the meaſure of this incli-- th 
nation or angle found in ©, 74 


PROP O0SIT1 ON XII. Pie. 16. 
To meaſure an acceſſible height by the 


oO, quadrant, 


* the 12th Prov. of this part, 
let the angle C be found by 
means of. the quadrant. Then in 
the triangle ABC, righr angled at 
| BC bein ſuppoſedt le horizontal 
ance of the obſervator from the 
198555 having the angle at C, and. 

the ſide BC, the required height BAN 5: 

will be found by the third, 10 offen 
s eee 


3 
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the gromettiegl quagrane e 


ET the angle ACB be obſerved 
L. vith the quadrant (by the r2th, 
221 . LE Iii WL; 1111 i/ TI's 
prop. of this part) then let the ob- 
ſerver go from C to the ſecond ſta- 
tion D, in the right line BCD (pro- 


Practical Geomeit). 


Jviding BCD be a horizontal plain) 


and after meaſuring this diſtance CD, 
take the angle ADC likewiſe with 


the quadrant. Then in the triangle 


ACD, chere is given che angle ADG, 
wich the angle ACD, becauſe. ACB 


7 


3 I 


was given before; therefore (by 324 


1. Encl.) the remaining angle CAD 


is given likewiſe, _ But the Side CD | 


s likewiſe given, being che diſtance 


of the ſtations C and D; therefore 


6 
” 


(by the firſt caſe of oblique angled 
triangles be ee N ) the fide 
be found. Wherefore in 

Ks + 


AC will 
15 the 


= My 
the right angled triangle ABC, all 
the angles and the hypotenuſe AC 
are given; conſequently, by the 4th 
caſe of Trigonometry, the height 
ſought AB will be found; as alſo 
( you pleale) .the diſtance of the 
ſtation C from AB the perpendicu- 
lar within the hill or inacceſſible 


- 


wy Py : — A. 4 g ? 4 T 4 - 
Es ö e I 4 
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PROPOSITION XV. Fits. 18. 
x, ED * ** > , pv 2 3 : — * * * by 


From the top of a given height, to mea- 


E the angle BAC be obſerved 
by the 12th of this part; 
_ Wherefore in the triangle ABC right- 
_ angled at B, there is given by obſer- 
vation the angle at A; whence (by the 
32d 1. Eucl.) there will alſo be given 
the angle BCA ; moreover the fide AB 
55 the height of the tower) is 
u 


ppoſed to ! be given, Wherefore win: 


by. 


D 
P 
ny TS 
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by the 3d caſe of Trigonometry BC 
the diſtance ſought will be a 


PROPOSITION XVI Na. 19. 


To meaſure the Hance 0 f two places 
A and B, of which one is bat, ble, 
WS e the graphometer.. £ I ; 
ET therebe teen at two > points 
A and C, ſufficiently diſtant, two 
viſible ſigns; then (by the rath of 
this) let the two ol BAC, BCA be 
taken by the graphometer. Let the 
diſtance of the ſtations A and C be 
meaſured with a chain. Then the 
third angle B being known, and the 
fide AC being likewiſe known; there- 
fore by the firſt caſe of Trigonometry 
the Aültance 5 AD "wal. ky: | 
found. 
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To meaſure, by. the graphometer, the || ang 
Aſtance of two rs neither of | 59: 
„ 


ET two ſtations C and D be 1 
choſen, from each of which the ceſſ 
places may be ſeen, . whoſe. diſtance N 
is ſought; let the angles ACD, ACB 
BCD, and likewiſe the angles BDC, 
BDA, CDA, be meaſured. by the 
graphometer, the diſtance of the ſta- „ 
chain, or (if it be neceſſary) by che; 
preceding practice. Now in the!“ 
triangle A D, there are given two 4 


angles ACD and ADC; . therefore 


the chird CAD is likewiſe given, | 
| Moreover the fide CD is piyen; |  ** 
therefore, by the firſt caſe of Trigo- 
nometry the fide AD will be found; 
after the ſame manner in the triangle 
BCD from all the angles, and 5 

| ide 
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I de CD given, rhe ſide BD is found. 
20. | Wherefore in the triangle ADB, from 
the given ſides DA and DB, and the 
the angle ADB contained by them, the 
of I fide AB (the diſtance fought) is 
I found by the 4th cafe of Tris 0 
nometry of obne angled triangles. 
Let it be noted, that it is not ne- 
ceſſary that the points A, B, C, and 
D be in one plain, and chat any tri- 
angle is in one Plain, we 2d prop. 5 
1 TIrth of Earl. 8 | 


W 2 PROPOSITION XVII Pie. 21; 
the ht 75 requitel by the grafhome eter PET 


uadrant to meaſure an macceſſible 
height AB, placed ſo on a ſteep, that | 
one can neither go near if in an ho. 
rizontal plain, nor recede from it, 


as we Suppoſed 7 in dhe e the £ 
24% prop. Er” 
T ET there vole havnt Gina = 
, i 5 


ſome mark: be erected; let the angles 
ACD and ADC be found by the 
graphometer, then the third angle 
DAC will be known. Let the fide 


CD, the diftance of the ſtations, be 


meaſured, with a chain, and thence 


right angled at B, having found by 


| the quadrant the angle ACB, the o- - , 


ther angle CAB is known likewiſe ; 


but the fide ACin the Chad. 40 Abo _ 


(by Trigon.) the fide ; AC will be - 
ound. Again in the triangle ACB, 5 


is already known; therefore the 


height required AB will be found by 


the ꝗth caſe of right angled trian 
gles. If the height of the tower ig 


* 


from the angle ACB already known, 


wanted, the angle BCE will be found 
by the quadrant, which bein : taken; 


the angle ACF will remain; but the; 


fore the remaining angle AFC will 
be known; but the ſide AC was alſo 
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PROPOSITION XIX. Fis. 22. = Exc 


one obſervation. 


ET there be choſen a high hill © as / 
ILL AB, near the ſea-ſhore, and ſinc. 
let the obſervator on the top of it, BD 
with an exact quadrant divided into 

minutes and ſeconds by tranſverſe 
diviſions, and fitted with a teleſcope} 
in place of the common fights, mea- 
ſure the angle ABE contained under 
the right line AB, which goes to the 
center, and the right line BE drawn to 
the ſea, a tangent to the globe at E, let 
there be drawn from A perpendicular 
to BD, theline AF meeting BE in F. 
Now in the right angled triangle BA 


Zo find the diameter of the earth. from 36t] 


all the angles are given, alſo the fide} 
A, the height of the hill, which is to long 
be found by ſome of the foregoing the p 
methods, as exactly as poſſible; and, by you 1 
Trigonometry, the ſides BF and Af 

: are 


n 


2E 2 


rom 


into 


lea- 


ider 


the 


n to 
„let 
ular 
n FP. 
BAE 


ſide 


is to 
ding 
d, by 
| AF 


are, 
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are found. But by corol. : 36. 3d 
Eucl. AF is equal to FE; therefore 
BE will be known. Moreover, by 
36th 3d Eucl. the rectangle under 


BA and Bb is equal to the ſquare of 


hill | 
and 
it, 
J or by the rule of three, and ſubſtra- 
erſe 
ope 


BE. And thence by 17th. 6. Euci. 


as AB: BE:: BE: BD. Therefore, 


ſince AB and BE are already given, 
BD will be found by 11th 6. Eucl. 


Ring BA, there will remain AD the 
diameter of the earth ſought. | 


HOHE 


Many other methods might be 
propoſed for meaſuring the diameter 
of the earth. The moſt exact in 
my opinion is that propoſed by Mr. 
Picart, of the academy of ſciences 
at Paris; but ſince it does not be- 
long to this place, we refer you to 
the philoſophical tranſactions, where 
you will find it deſcribed. _ 5 
According to Mr. Picart, a de- 
ad 5 PP 4 << gree 


an "A Treatiſe * 


“0 oree of the meridian at the lati- 
< tude of 49% 21 was 57060 French | 
&.'Toz/es, each of which contains fix | 
| * feet of the ſame meaſure; from 
105 which i it follows, that if the earth 
ec be an exact ſphere, the circumfe- 
*'rence of a great circle of it will | 
cen be 123,249,600 Paris feet, and 
cc the ſemidiameter of the earth | 
66; 19,6 L 5,800 feet: but the French 
ematicians who have exami-| 
. ned Mr. Picari's operations of 

< late aſſure us, That the degree 
* in that latitude is 537, 183 Toi/es.| 


C6 


* They meaſured a degree i in Lap- 


c land, in the latitude of 66? 20 
357 —— Sound. it of 57,438 Toiſes. 

ing theſe degrees, as 
cc ell as CP the / obſervations on 
6: pendulums, and the theory off 


455 2 it appears that the 


4. carth is an oblate ſpheroid; and 


( fuppoſing thoſe -« egrees to be 
kc — meaſured) the axis or 
$6; e that — through the 


ce «© poles 
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te poles will be to the diameter of the 
ce equator as 177 to 178, or, the 
ce the earth will be 22 miles high- 
« er at the equator than at the poles. 
A degree has likewiſe been mea- 
% fared at the equator, and found to 
be conſiderably leſs than at the 
“ latitudeof Paris; which confirms 
J © the oblate figure of the earth; 
tc but an account of this laſt men- 
e ſuration has not been publiſhed as 
2 yer. If the earth was | of An u. 
« niform denſity from the ſurface. 
„to the center, then, according to 
« the theory of gravity, the meridi- 
« an: would * be an: exact ellypſis, 
« and the axis would be to the di- 
| © ameter of the equator as 230 to 
4 231; and the difference of the 

<«« ſemidiameter of the equator and 
© ſemi- axis about 17 miles. 
| In what follows, a figure is oſten 
to be laid down on paper, like to 
another figure given; and becank 
this likeneſs conſiſts in the 2 
ts: > O 


* 


A 


A 


W 
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of their angles, and in the ſides ha- 
ving the ſame proportion to each o- 
ther (by the definitions of the 6th | 
of Eucl.) we are now to ſhow what 
methods practical Geometricians uſe 
for making on paper an angle equal | 
to a given angle, and how they con- | 
ſtitute the ſides in the ſame propor- 
tion. For this purpoſe they make 
uſe of a protractor, (or, when it is 


wanting, a line of chords) and of | 
line of equal parts. To 


"PROPOSITION XX. 
Fe. 235 24, 25, 26, and 27. i 
. To doſes be the confiraflion and uſe of 
. ee of the line of chords; 
and of the line of equal parts, © 


3 # 


HE protractor is a ſmall ſemi- 
circle of braſs, or ſuch ſolid 
matter. The ſemi-circumference 
is divided into 180 degrees. m_— 
0 6 


is to be meaſured. 
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uſe of it is to draw angles on any 
plain, as on paper, or to examine 
the extent of angles already laid 


down. For this laſt purpoſe, let the 
ſmall point in the center of the pro- 


tractor be placed above the angular 
point, and let the ſide AB coincide 
with one of the ſides that contain the 
angle propoſed; the number of de- 
grees cut off by the other ſide, com- 
puting on the protractor from B, will 
ſhow the quantity of the angle that 

But if an angle is to be made of 
a given quantity on a given line, and 


at a given point of that line, let AB 


coincide with the given line, and 
let the center A of the inſtrument 
be applied to that point. Then 
let there be a mark made at the 
given number of degrees; and a 
right line drawn from that mark 
to the given point will conſtitute an 


angle, with. the given right line f 
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; 85 quantity n as is mani- 
This is the moſt a and ealy | 
miahed, either for examining the ex- 
tent of an angle on paper, or for 
deſeribing on paper an * of a 
— — is Aae of in- 
ſtruments, or becauſe a line of chords 
is more eaſily carried about, (being 
deſcribed on a ruler on which there 
are many other lines beſides) practi- 
cal Geometricians frequently make 
uſe of it. It is made thus: let the 
quadrant of a circle be divided into 
9e degrees, as in fig. 24. the right 


line AB is the chor of go degrees; f. 


the chord of every arch of the qua- 
drant is transferred to this line AB, 
which is always marked with the 
| number of degrees in the oorreſ] pond: 
* 1 

Note; That the tak as 60 de- 
grees is ec to the radius, by corol. 


15. ach ucl, If i nn angle 
g EDF 


1 
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EDF is to be meaſured by the line of 
chords, from the center D, with the 
diſtance DG (the chord of 60 de- 
grees,) deſcribe the arch GH, and let 
the points G and H be marked where 
this arch interſects the ſides of the 


angle. Then if their diſtance GH, 


applied on the line of chords from 
A to B, gives (for example) 25 de- 
grees, this ſhall be the meaſure of 


che angle propoſed. 


When an obtuſe angle is to be mea- 
ſured with this line, let its comple- 


ment to a ſemicircle be meaſured, 


and thence it will be known. It 
were eaſy to transfer to the diameter 
of. a circle the chords of all arches 
to the extent of a ſemicircle, but ſuch 
are rarely found marked upon rules. 
But now if an angle x a given 
quantity, ſuppoſe of 50 degrees, is 


to be made at a given point, M of 


the right line KL (fig.- 26.) From 


the center M, and the diſtance MN 
equal to the chord of 60 degrees, de- 
VVV ſcribe 


ſcribe the arch QN. Take off an 
arch NR, whoſe chord is equal to 
that of 50 degrees on the line of 
chords; join the points M and R, 
and it is plain that MR ſhall contain 
an angle of 50 degrees with the line 


% 


KL propoſed. 


But ſometimes we cannot produce 
the ſides, till they be of the length 
of a chord of 60 degrees on our 
ſcale; in which caſe it is fit to work 
by a circle of proportions (that is a 
a ſector) by ach an arch may be 
made of a given number of degrees 


0 ay radius 
The quantities of angles are like- 
wiſe determined by other lines uſu- 


ally marked upon rules, as the lines ; 
of fines, tangents and ſecants ; but 


as theſe methods are not fo eaſy or 
ſo proper in this place, we omit 
To delineate figures ſimilar or like 


to others given, beſides the equality 
of the angles, the ſame proportion 


 profiical Geometry, vx 
is to be preſerved among the ſides 


of the figure that is to be-delineated, 


as is among the ſides of the figure 


given. For which purpoſe, on the 


rules uſed by artiſts, there is a line 
divided into equal parts, more or leſs 
in number, and greater or leſſer in 
quantity, according to the pleaſure 
of he maler⸗- % = 

A Foot is divided into inches, and 
an inch, by means of tranſverſe lines, 


into 100 equal parts; ſo that with 
this ſcale, any number of inches be- 


low twelve, with any part of an inch, 
can be taken by the compaſſes, 
providing ſuch part be greater than 
one xooth part of an inch. And this 


exactneſs is very neceſſary in deli- 


neating the plans of houſes, and in 
other caſes. rt s £499 nn. 28182 
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PROPOSITION Xx. Pie. 28. 1355 

To lay down: on paper, by the protra- || ing 
Cor, or line of chords, line of | inc 


equal Seng. a right lined figure cor 
lite to one given, — g the an- par 
gles and ſides of the figure given be call 
_ known by obſervation or menſura- be 
. | 


OR « example, ſuppoſe that it is| 
known that in a quadrangular 

ure one ſide is of 235 feet, that 
the angle contained by it and the 
ſecond ſide is of 84“, the ſecond fidef 
of 288 feet, the an le contained by 
it and the third Pie of 71 and 
that the third ſide is 294 feet. Theſe | 
things being given, a figure is to be 
drawn on paper like to this quadran-| 
gular figure. On your paper at a 
proper point A let a right line be 
drawn, upon which take 235 equal 


Parts, as AB. The pare repreſent- 
ing 
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ing a foot is taken greater or leſſer, 
according as you would have your 
figure greater or leſs. In the adjoin- 
ing figure, the tooth part of an 
inch is taken for a foot. And ac- 
cordingly an inch divided into 100 
parts, and annexed to the figure is 
called a ſcale of 100 feet. Let there 


be made at the point B, (by the pre- 


ceeding prop.) an angle ABC. of 
$49, and let BC be taken of 288 
parts like to the former. Then let 
the angle BCD be made of 72, and 
the ſide CD of 294 equal parts. Then 
let the fide AD be drawn; and it 
will compleat the figure like to the 
figure given. The meaſures of the 
angles A and D can be known by the 

rotractor or line of chords, and the 
ide AD by the line of equal parts; 
which will exactly anſwer to the cor- 
reſponding angles and to the ſide of 


After the very ſame manner, from 


the ſides and angles given, which 


bound 


* 


„ 4 Tribe 

bound any right lined figure, a figure 
like toit may be drawn, and the reſt 
of its ſides and angles be known. | 


COROLLARY. 


Hence any trigonometrical pro- 
blem in right lined triangles, may 
be reſolved by delineating the tri- 
angle from what is given concerning 
it, as in this propoſition. The un- 

known ſides are examined by a line 
of equal parts, and the angles by a 
protractor or line of chords. 


PROPOSITION XXII Prov. 


The diameter of a circle being given, 1b 
Hand ns crreumference nearly. 


"HE periphery of any polygon 
inſcribed in the circle is leſs 
than the circumference, and the pe- the 
riphery of any polygon deſcribed a- 

bout a circle is greater than the cir- . .; 
SG cum- 013 &% 


51 
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cumference, Whence Archimedes 
firſt diſcovered that the diameter was 
in proportion to the circumference, 
as 7 to 22 nearly ; which ſerves for 
common uſe. But the moderns have 
computed the proportion of the di- 


ameter to the circumference to grea- 


ter exactneſs. Suppoſing the dia- 
meter 100, the periphery will be 
more than 314, but leſs than 315 

But Luctolpbus van Ceulen 5 
the labours of all; for by immenſe 
ſtudy he found, chat n dhe 


diameter 
I 00,000,000,000,000,000,000,000,000,000,000 


the periphery will be leſs than 


3141 59,265,358 97953 23 846,264,33 8,3 27,951; r, . 
bur greater than 
3141 $9,265,358,979323,846,264338,327,950 


whence it will be eaſy, any part of 
the circumference being given in de- 


grees 


* The dia meter is more nearly to the circumference, as 
113 #0 355. 
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grees and minutes, to aſſign it in parts 
of the diameter. eter the, 


Of ſurveying and meaſuring of land. 


Itherto we have treated of the 
J meaſuring of angles and fades, 
-whence it is abundantly eaſy to lay 
down a field, a plain, or an entire 
country: for to this nothing is re- 
quiſite but the protraction of tri- 
angles, and of other plain figures, 
after having meaſured their ſides and 
angles: but as this is eſteemed an 
important part of practical Geome- 
try, we ſhall ſubjoin here an account 
of it, with all poſhble brevity, fug- 
veſting withall, that a ſurveyor will 
improve himſelf more by one day's 
practice, than by a great deal of read- 
ding. 2243 o RE 


PROPO- 


a Gromerry; 527 


PROPOSITION XXII. Pros, 


ind. 75 e what ſurveyiny 8 Fl | and 


wf inſtrumenis ſurvey ors uſe. f 


the 
des, nf, it is neceſſary that the ſais 
lay veyor view the field that is td 


tire be meakared, and inveſtigate its ſides 

re- and angles, by means of an iron 
tri- chain (having a particular mark at 
each foot of length, or at any num 
ber of feet as may be moſt conve- 
nient for reducing lines or furfaces 
to the 8 — ps the 


| done beg the EE 4, wh Une 
: er as of e Kue of qu 


}PO- 
* See above þ. 5. the account of Gunter's chain, and of 


ix 177 that is moſt convenient for meaſuring land in 
tig | 


Nee OE I TN CC 


magnetick needle, and moreover 2 
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parts. Thirdly, It is neceſſary to find 
out the area of the field ſo ſurveyed 
and repreſented by a map. Of this 


DIES ooo ans 

The ſides and angles of ſmall fields 
are ſurveyed by the help of a plain 
table, which is generally of an ob- 


laſt we are to treat below in the ſe- 


long rectangular figure, and ſupport- 


ed by a fulcrum, ſo as to turn every 
way by means of a ball and ſocket. It 


has a moveable frame, which ſur- 


rounds the board, and ſerves to kee 
a clean paper put on the board dole 
and tight to it. The ſides of the 
frame facing the paper are divided 
into equal parts every way. The 
board ath beſides, a box with a 


- 


large index with two fights. On the 
edge of the frame of the board are 
marked degrees and minutes, ſo as to 


_ ſupply the room of a graphometer, 


'PRO- 


—_— 


PR 


2 
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56d RKOSYOSITION XXIV. 
$3 Pros. Fic. 29. 
elds ¶ To delineate a field by the help of a 


lain plain table, from one ſtation whence 
ob- all us angles may be ſeen, and their 


ort-|M a:/rances meaſured by a chain. 
Very : 1 8 _ 
t. It ET the field that is to be laid 
ſur- ; down be ABCDE. At any 


ny convenient place F, let the plain 
eſt table be erected, cover it with clean 
paper, in which let ſome point near 
the middle repreſent the ſtation. 
Then applying at this place the in- 
dex with the ſights, direct it ſo as 
that through the ſights ſome mark 


ſuppoſe A, and from the point E, 
repreſenting the ſtation, draw / a faint 
right line along the ſide of the index, 
then, by the help of the chain, let 
FA the diſtance of the ſtation from 
| „ the 


may be ſeen at one of the angles, 
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| : friangles be protracted on paper (by 


the! 


"i foreſaid angle be meaſined. Then 


taking what part you think conve- 


nient for a foot or pace from the 


line of equal parts, ſet off on the 


faint line the parts correſponding to 


the line FA that was meaſured, and 
let there be a mark made repreſenting 


the angle of the field, A. Keeping 
the table immoveable, the ſame is 


to be done with the reſt of the an- 


gles; then right lines joining thoſe 
marks ſhall include a figure like to 


the field, as is evident from 5th 6, 


COROLLARY, 


The ſame thing is done in like 


manner by the graphometer ; for 


having obſerved in each of the tri- 


angles, AFB, BFC, CFD, &c. the 
angle at the ſtation F, and having 
meaſured the lines from the ſtation to 
the angles of the field, let ſimilar 


w- 


len 
Ve- 
the 
the 


ing 
ing 
> 15 


ole 
k TH 


ſcure. 


 praflical Cæmntur). 6x 


the 21. of this) having their com- 


mon vertex in the point of ſtati- 


on. All the lines, excepting thoſe 


which repreſent the ſides of the 


field, are to be drawn faint or ob- 


Note 1. When a ſurveyor wants 
to lay down a field, let him place 
diſtinctly in a regiſter all the obſer- 


vations of the angles, and the mea- 


ſures of the ſides, until at time and 
place convenient, he draw out the 
figure on paper. 


Note 2. The obſervations made 


by the help of the graphometer are 
to be examined; for all the angles a- 
bout the point F ought to be equal 
50 four right Ones by 13th i. Eucl. 


PRO- 
Wit 23 
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PROPOSITION XXV, 
21 PRO B. FIC. 30. 
7 lay down a field by means of two 
. ſtations, from each of which all the 


angles can be ſeen, by meaſuring 
only the diſtance of the ſtations. 


theſtationF; and having cho- 
ſen a point repreſenting it upon the 
paper which is laid upon the plain 
table, let the index be applied at this 
point, ſo as to be moveable about it. 
Then let it be directed ſucceſſively 
to the ſeveral angles of the field; 
and when any angle is ſeen through 


the ſights, draw an obſcure line along 
the ſide of the index. 


dex, with the ſights, be directed af- 
ter the ſame manner to the ſtation 
G; on the obſcure line drawn along 
its ſide, pointing to A, ſet off from 

1 the 


1 ET the ne be placed at 


Let the in- 


r 


n 
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the ſcale of equal parts a line correſ- 
ponding to the meaſured diſtance of 
the ſtations, and this will determine 
the point G. Then remove the inſtru- 
ment to the ſtation G, and applying 
the index to the ba 
the diſtance of the ſtations, place 
the inſtrument ſo that the firſt ſta- 
tion may be ſeen through the ſights. 
Then the inſtrument remaining im- 
moveable, let the index be applied 
at the point repreſenting the ſecond 
ſtation G, and be ſucceſſively dire- 
cted by means of its ſights, to all 
the angles of the field, drawing (as 
before) obſcure lines; and the inter- 
ſection of the two obſcure lines that 
were drawn to the ſame angle from 
the two ſtations will always repre- 
ſent that angle on the plan. Care 
muſt be taken that thoſe lines be not 
miſtaken for one another. Lines 
joining thoſe interſections will form 


field, Ka 


* 
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It will not be difficult to do the FA. 
l fame by the graphometer 7 if vou cute 
= — Mkeep a diſtinct account of your ob- are 
3 ſervations of the angles made by the ¶ and 
| line joining the ſtations and the lines I uſef 
drawn from the ſtations to the refpe- | 
tive angles of the field. And this p R 
is the moſt common manner of lay- | 
ing down whole countries. The 
tops of two mountains are taken for 
+wo ſtations, and their diſtance is 70 7, 
either meaſured by ſome of the me- 9; 
thods mentioned above, or is taken || gf 
aecording to common repute. The 
ſights axe ſucceſſively directed to- 
wards cities; churches, villages, forts, 
Takes, turnings of rivers, woods 
Note. T he diſtance of the ſtati- 
ons ought to be great enough, with 
reſpect to the field that is to be mea- 
ſured, ſuch ought to be choſen as are 
DOLL) not 
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not in a line with any angle of the 
field. And care ought to be taken 
likewiſe that the gl for example 

the FAG, FDG, c. be neither very a- 
you cute, nor very obtuſe. Such angles 
ob- ¶ are to be avoided as much as poſſible; 
and this admonition is found very 
uſeful in practice. 15 


PROPOSITION XXVL 
| | PROB. FIG. 31. | 


To lay down any field, however irre- 
gular its figure may be, by the help | 


of the graphometer. I 


ET ABCEDHG be ſuch a field. 
Let its angles (in going round 
it) be obſerved with a graphome- 
ter (by the 12th of this) and not- 
ed down; let its ſides be meaſured 
with a chain, and, (by what was ſaid 
on the 21ſt of this) let a figure like 
to the given field be protracted on 
"I I ä =_ 
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paper. If any mountain is in the 
circumference, the horizontal line 
hid under it is to be taken for a 
fide, which may be found by two 
or three obſervations,., according to 
ſome of the methods deſcribed above; 
and its place on the map js to be 
diſtinguiſhed by a ſhade, that it may 
be known a mountain is there. 
If not only the circumference of 
the field is to be laid down in the 
plan, but alſo its contents, as villa- 
ges, gardens, churches, publick roads, 
we muſt proceed in this manner. 
Loet there be (for example) a 
church E, to be laid down on the 
plan. Let the angles ABF, BAF be 
obſerved and protracted. on paper in 
their proper places, the interſection 
of the two ſides BF and AF will give 
the place of the church on the pa- 
per; or more exactly, the lines BF, 
AF being meaſured, let circles be 
deſcribed from the centers B and A, 
with parts from the ſcale correſpond, 
os ap "8 ine 


\ 
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ing to the diſtances BF and AF, and 
the place of the church will de at 
their interſection. 

Note 1. While the angles obſer- 
ved by the graphometer are taken 
down, you mult be careful to diſtin- 
guiſh the external angles as E and 
G, that they may be rightly pro- 
trated afterwards on paper. 

Note 2. Our obſervations of the 
angles may be examined by comput- 
ing if all the internal angles make 
twice as many right angles, four ex- 
cepted, as there are ſides of the fi- 
gure : for this is demonſtrated by 
32d 1. Excl, But in place of any 
external angle DEC, its compliment a 
0 a arcle is to o be talen. * 15 
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PROPOSITION xxvu.i | 
Pros. Fre. 32. 


To = down a ; plain Bel 8 in 


e, 


F a ſmall field is to be meaſured, | 
and a map of it to be made, and 
you are not. 2 with inſtru- 
ments; let it be ſuppoſed to be di- 
vided into triangles, by right lines, 
as in the figure, and ate ter meaſuring 
the three 15 of any of the triangles, 
for example of ABC, let its ſides be 
laid down from a convenient ſcale on 
aper, by the 22d of this, Again, 
[er the other two ſides BD, CD of 
the triangle CBD be meaſured _— 
' protracted on the paper by the ſame 
ſcale as before. In the | fog man- 

ner proceed with the reſt of the tri- 
angles of which the field is compo- 
led and the map of the field will be 
per- 
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perfected; for the three ſides of a 
triangle determine the triangle; 
whence each triangle on the paper 
is ſimilar to its correſpondent tri- 
angle in the field, and is ſimilarly 
ſituated; conſequently the whole fi- 
gure is like to the whole field. 


FCH tile: 
If the field be ſmall, and all its 


angles may be ſeen from one ſtation, 
it may be very well laid down by the 
plain table by the 24th of this. If 
the field be larger, and have the re- 
quiſite conditions, and great exactneſs 
is not expected, it likewiſe may be 
plotted by means of the plain table, 
or by the 5 according 
to the 25th of this; but in fields 
that are irregular and mountainous, 
when an exact map is required we 
are to make uſe of the graphometer 
as in the 26th of this, but rarely of 
the plain table. M 
ie 1 TFlaving 


1 
HFaving protracted the bounding 
lines, the particular parts contained 
within them may be laid down by 
the proper operations for this pur- 
poſe, delivered in the 26th propoſi- 
tion ; and the method deſcribed in 
the 27th propoſition may be ſome- 
times of ſervice; for we may truſt 
more to the meaſuring of ſides than 
to the obſerving of angles. We are 
not to compute four-ſided and ma- 
ny-ſided figures till they are reſolved 
into triangles, for the ſides do not 
determine thoſe figure. 
In the laying down of cities, or 
the like, we may make uſe of any of 
the methods deſeribed above that 
may be moſt convenient. 
The map being finiſhed, it is tranſ- 
ferred on clean paper by putting the 
firſt sketch above it, and marking 
needle. Theſe points being joined 
by right lines, and the whole illu- 
minated by colours proper to each 
. 5 
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part, and the figure of the Mariner's 
compaſs being added to diſtinguiſh 
the North and South, .with a ſcale 
on the margin, the map or plan 
will be finiſhed and neat. 

We have thus briefly. and olaioly 
treated of Surveying, and ſhown by 
what inſtruments it is performed, 
having avoided thoſe methods . 
depend on the magnetick needle, not 
only becauſe its direction may vary 
in different places of a field (the con- 


trary of this at leaſt doth not appear) 


but becauſe che quantity. of an angle 
obſerved by it cannot be exactly 
known ; for an error of two or three 
degrees can ſcarcely be avoided in 
taking angles by it. As for the re- 
maining part of ſurveying, whereby 
the area of a field already laid down 
on paper is found in acres, roods, or 
any other ſuperficial meaſures ;- this 

we leave to the following part, which 


treats. of the. menſuration of ſur- 
faces. . „ 
K . 


72 A Tieaiſe / 
c Beſides the inſtruments deſeri- 
bed above, a Surveyor ought to be 
provided with an off: ſet ſtaff, e- 
qual in length to ten links of the 
chain, and divided into ten equal 
parts. He ought likewiſe to have 
ten arrows, or ſmall ſtreight ſticks 


* 


5 


ferrils. When the chain is firſt 
opened, it ought to be examined 
by the off: ſet ſtaff. In meaſuring 
any line, the leader of the chain 
1s to have the ten arrows at firſt 
ſetting out. When : the chain is 
ſtretcht in the line, and the near 


A nA AA „ „ A 


you meaſure, the leader ſticks one 
of the ten arrows in the ground, 
at the far end of the chain. Then 
the leader leaving the arrow, pro- 
ceeds with the chain another 

length; and the chain being 
ſtretcht in the line, ſo that the 
near end touches the firſt arrow, 
the leader ſticks down another ar- 
; TOW 


A a AG K 2A A A 


a M 


Sa A An A H 
— 


near two feet long, ſhod with iron 


end touches the place from which 
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row at his end of the chain. The 
line is preſerved: ſtreight, if the ar- 
rows be always ſet ſo as to be in 
a right line with the place you 
meaſure from and that to which 


you are going. In this manner 


they proceed till the leader have 


no more arrows. At the eleventh 


chain the arrows are to be carried 


to him again, and he is to ſtick 
one of them into the ground, at the 
end of the chain. And the ſame 


is to be done at the 21, 31, 41, 
Ec. chains, if there are fo many 
in the right line to be meaſured. 
In this manner you can hardly 
commit an error in numbring the 


chains, unleſs of ten chains at 


once. 


© The off. ſet ſtaff ſerves. for mea- 


"== A —n A Aa 


ſuring readily the ' diſtances of a- 
ny things proper'to be reprefented 


in your plan, from tlie ſtation- line 
while you go along! Theſe di- 
ſtances ought to be entred into 
68113 * your” 


4 . "OF 


your field-book; with the corre- 
ſponding: diſtances from the laſt ſta- 
tion, and proper remarks, that you 
may be enabled to plot them juſt- 
$ 1y, and be in no danger of miſtak- 
ing one for another, when you 
extend your plan. The field- book 
may be. conveniently divided into 
five pages. In the middle column 

he * at the ſeveral ſtations 
deen « y the Theodolite are to be 


< entred, with the diſtances from 


4 the ſtatin ges The diſtances taken 


© by the off-ſer-ſtaff, on either fide 
2 of the Aesiogrlige, are to be entred 
into columns on either {ide of the 
middle: column, according to their 
£; poſition with reſpect to that line. 


0 The names or characters of the 


objects, with proper remarks may 

<. be entred in columns on either 

| c Go. of- theſe laſt. - © uh | 

- © Becaulſe-ih the place of che gra- 

6. phometer deſcribed by our Author, 
85 eee now. make uſe * 
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Theodolite, we ſhall ſubjoin a 
deſcription of Mr. Sox's lateſt 


improved Theodolite from Mr. 


Gardner's practical Surveying im- 
proved. See a figure of it in plate 4. 
In this inſtrument the three 
ſtaves by braſs ferrils at top ſcrew 
into bell- metal joints, that are 
moveable between braſs pillars fixt 
in a ſtrong braſs plate, in which 
round the center is fixt a ſocket 
with aball moveable in it, and upon 
which the four {crews preſs, that ſet 
the Limb horizontal ; next above 
is another ſuch plate, thro' which 
the ſaid ſcrews paſs, and on which 


© round the center is fixt a fruſtum 


c 
* 


of a cone of bell- metal, whoſe axis 


(being connected with the center 


of the ball) is always perpendicular 
to the Limb, by means of a coni- 


< cal braſs ferril fitted to it, vhereon 
is fixt the Compaſs-box, and on 


it the Limb, vhich is a ſtrong bell - 


metal ring, whereon are moveable 


K three 
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three braſs indexes, in whoſe 
plate are fixt four braſs pillars, 


that, joining at top, hold the cen- 


ter-pin of the bell-metal double 


Sextant, whole double Index is fixt 
on the center of the ſame plate; 
within the double Sextant 1s fixt 
the Spirit-Level, and over it the 
A; Teleſcope. 

The Compaſs-box is graved 


o 


with two diamonds for North and 


South, and with 20 degrees on both 


ſides of each, that the needle may 
be ſet to the variation, and its er- 


ror alſo known. 
© The Limb has two flower- de- 


luces againſt the diamonds in the 


Box, inſtead of 180 each, and is 
curioully divided into whole de- 


recs, and number'd to the left 


and at every ten to twice 180, 
having three Indexes diſtant x 20, 
_  Nomnus's diviſions on each 
or the decimals of a degree) that 


are moved by a pinion fixt below 


one 
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one of them without moving the 
Limb, and in another is a {crew 
and ſpring under, to fix it to any 
part of the Limb: it has alſo di- 
viſions number'd for taking the 


quarter Girt in inches of round 


Timber at the middle height, when 
ſtanding ten feet horizontally di- 
ſtant from its center, which at 20 
muſt be doubled, and at zo trebled, 
to which a ſhorter index is uſed, 
having Nonmss diviſions for the 
decimals of an inch ; but an abate- 
ment muſt be made for the bark, 
if not taken ol. | 
The double Sextant is divided 
on one fide from under its center 
(when the Spirit-Tube and Tele- 
{cope are level) to above 60 de- 
grees each way, and numbred at 10, 
20, Sc. and the double Index 
(through which it is moveable) 
ſhews on the ſame fide the degree 
and decimal of any Altitude or De- 


* preſſion to that extent by Moniuss 


one 5M di- 


EE e 
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diviſions; on the other fide are 
diviſions number'd for taking the 
upright height of Timber, &c. in 


feet, when diſtant ten feet, which 


at 20 muſt be doubled, and at 30 
trebled; and alſo the quantities 
for reducing hypothenuſal Lines 
to horizontal: it is moveable by a 
inion fixt in the double index. 
© The Teleſcope is a little ſhorter 
than the diameter of the Limb, 


that a fall may not hurt it; yet 


it will magnify as much, and ſhey 
a diſtant object as perfect, as 


moſt of treble its length; in its 
focus are very fine croſs-wires, 


whoſe interſection is in the plane 
of the double Sextant, and this was 
a whole Circle, and turned in a 


Lathe to a true Plane, and is fixt 


at right angles to the Limb; fo 


that whenever the Limb is ſet ho- 
rizontal (which is readily done by 


making the Spirit-Tube level o- 
ver two ſcrews, and the like over 
f 4 
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* the other two) the double Sexant 


© and Teleſcope are moveable in a 
vertical Plane, and then every An- 


© ole taken on the Limb (tho the 
* 'Teleſcope be never ſo much ele- 


| ©. vated or depreſt) will be an Angle 


in the Plane of the Horizon, and 
this is abſolutely neceſſary in plot- 
ting a horizontal Plane. 


be If the Lands to be plotted are 
* hilly and not in any one Plane, 


the Lines meaſured cannot be truly 


© are taken in that Plane. 


In viewing my objects, if they 


have much altitude or depreſſion, 
{ I either write down the degree and 


decimal ſhewn on the double Sex- 


tant, or the links ſhewn on the 
© back-fide; which laſt: ſubtracted 
from every chain in the ſtation- 
line, leaves the length in the ho- 


© rizontal Plane; but if the degree is 


taken, 


laid down on paper, without being 
reduced to one Plane, which muſt 
© be the horizontal, becauſe Angles 
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© taken, the following Table will 
«* ſhew the ef. 


4 Table 0 f the Inks to be ſubtratted 
out of every Cham in hypothenu- 
ſal Lines of ſeveral degrees alti- 
tude, or es; on, n une them 

- 70 horizontal, 


4 2 : 


Degrees | Links | Degrees Links| Degrees 2 


Let the firſt ſtation- line real- 
© ly meaſure 1105 links, and the 
9 Angle of altitude or depreſſion be 
19,933; looking in the Table ! 
© find againſt 1995 is 6 links, 
© now 6 times 11 is 66, which ſub- 
© tracted from 1107 leaves 1041, 
the true length to be op down in 
4 * the Plan. 57 5 

It 
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< It is uſeful in ſurveying to take 
the angles which the bounding 
lines form with the magnetick 
needle ; in order to check the an- 
gles of the figure, and to plot 
them conveniently afterwards. 


A aA K & a 


Of the ſurfaces of bodies. 


'H E ſmalleſt ſuperficial mea- 
ſure with us is a ſquare inch, 

I 1440f which make a ſquare 
foot. Wrights make uſe of theſe in 
| the meaſuring of deals and planks; 
but the ſquare foot whichthe Glaziers 
in meaſuring of glaſs, conſiſts only 
of 64 ſquare inches. The other 
meaſares are, fir, the ell ſquare; 
24ly, The fall, containing 36 ſquare 


ells. 
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ells. zaly, The rood containin 9 40. 


falls. 4, The acre containing 
4 roods. Slaters, Maſons and Pa- 
vers uſe the ell ſquare and the fall. 
Surveyors of land uſe the ſquare ell, 
the fall, the rood, and the acre. 
The ſuperficial meaſures of the 
Engliſh, are, 1ſt, the ſquare foot; 
zaly, the ſquare yard, containing 9 
ſquare feet; for their yard contains 
only 3 feet; 3dly, the pole, con- 
taining 30 ſqaure yards; 47545, the 
rood, containing 40 poles; 5759, 
the acre, containing 4 roods. And 
hence it is eaſy to reduce our ſuper- 
ficial meaſures to the Eugliſh, or 
einne opus 
In order to find the content of 
4 field, it is moſt convenient to 
meaſure the lines by the chains de- 
ſcribed above, p. 5. that of 22 
yards for computing the Engliſb 
acres, and that of 24 Scots ells for 
the acres of Scotland. The chain 
* is divided into 100 links, and the 
a 85 ſquare 


1 a * 
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| ſquare of the chain is 10000 ſquare 

ung links; ten ſquares of the chain, or 
TS 100000; ſquare links give an acre. 
all, 


Therefore, if the area be expreſſed 
by ſquare links, divide by 100000 
or cut off five decimal places, and 
the  « the quotient ſhall give the area 
ot; in acres and decimals of an acre. 
Write the entire acres apart, but 
multiply the decimals of an acre 
on- © by 4, and the product ſhall: give 
the remainder of the area in roods 
and decimals of a rood. Let the 
And entire roods be noted apart after 
the acres, then multiply the deci- 
OW © malsof a rood by 40, and the pro- 
| duct ſhall give the remainder of _ 
t of « the area in falls or poles. Let the 
t to © entire falls or poles be then writ 
after the roods, and multiply the 
_ decimals of a fall by 36, if the 
glfh area is required in the meaſures of 
for © Scorland ; but multiply the deci- 
hain | © mals of a pole by 30+, if the area 
| the is required in the meaſures of Eng- 
ASHE „ and 


* 
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laud, and the product ſhall give 


the remainder of the area in ſquare 


ells in the former caſe, but in 
ſquare yards in the latter. If, in 


the former caſe, you would reduce 


the decimals of the ſquare ell 
to ſquare feet, multiply. = by 
9.50694; but in the latter caſe, 


the decimals of the Eugliſh ſquare 
yard are reduced to Fquare feet, 


4 nlciplying them by 9. 


© Suppole, for example, that the 
area appears to contain 1265842 


ſquare links of the chain of 24 
ells, and that this area is to be ex- 
preſſed in acres, roods, falls, Sec. 


— the meaſures of Scotland. Di- 
vide the ſquare links by 100000, 
and the quotient 12,65842 ſhows 


the area to contain 12 acres and 


55:2 of an acre. Multi ly the de- 


cimal part by 4 and the product 
2.63 368 gives the remainder in 


roods and decimals of a rood. 


Thuſe decimals of the rood being 


mul- 


E 
A 


rea is in Eugliſh meaſure 12 acres, 


N 
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multiplied by 40, the product 
gives 25.3472 falls. Multiply 


the decimals of the fall by 36, and 


the product gives 12.4992. ſquare 
ells. The decimals of the ſquare 


ell multiplied by 9.50694 give 


4.7458 ſquare feet. Therefore the 


area propoſed amounts to 12 acres, 


2 roods, 25 falls, 12 ſquare ells, 


7458 


and 478 ſquare feet. 


© But if the area contains the ſame - 
number of ſquare links of Gunter's 


chain, and is to be exprefled by 


Enghſh meaſures, the acres and 


roods are computed in the ſame 


manner as in the former caſe. 
The poles are computed. as the 


falls. But the decimals of the 


3472 


pole, v. 353: are to be multiplied 


54 305 (or 30. 25) and the pro- 
duct gives 10.5028 ſquare yards. 


The decimals of the ſquare yard 


multiplied by 9, give 4.5252 * 
feet: therefore in this caſe the a- 


2 


nn of 


- 


2 roods, 25 poles, 10 ſquare yards, 


and 4 25 we, {quare feet. 


The Scots acre is to the Eugliſb 


* acre by ſtatute as 100000 to 78694, 


C 
6 


if we have regard to the difference 
betwixt the Scots and Engliſh foot 
above mentioned. But it is cuſto- 


mary in ſome parts of Hngland to 
have 18, 21, Ec. feet to a pole, 


and 1 ſuch poles to an acre; 
whereas, by the ſtature, 16 feet 
make a pole. In Wen cas the 
acre is greater in the duplicate 


ratio of the number of feet to 2 
pole. 4 1 


They who meaſare land in Sco:- 


land by an ell of 37 Engliſh inches, 


make the acre leſs than the true 
Scots acre by 593 , ſquare Engliſh 


feet, or by about 5; of the acre. 


An husband-land-contains 6 acres 


4 


of ſock and ſy the land, that is, of 


land that may be tilled with a 
© plongh, and mowen with a ſythe ; 
13 Acres of arableland make an ox- 


* gang 
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ds, gang or oxengate; four oxengate 
make a pound land of old extent (by 
a decree of the Exchequer, March 
11. 1585) and is called Iibrata ter- 
re. A forty ſhilling land of old 
extent contains. eight oxgang, or 
% c x35 48 . 
© The arpem about Paris contains 
32400 ſquare Paris feet, and is 
equal to 2 Scozs roods or 3 7; 
urs. 
The attus quadratus, according 
to Varro, Columella, Sc. was a 
* ſquare of 120 Roman feet. The 
Jugerum was the double of this. 
*Tis to the Scors acre as 10000 to 
20456, and to the Eugliſp acre as 
1oOOO to 16097. It was divid- 
ed (like the 5) into 12 uncias, and 
the uncia into 24 /crupula. This 
* with the three preceeding para- 
© graphs are — an ingenious 
manuſcript written by Sir Robert 
Stewart Profeſſor of Natural Philo- 
phy. The greateſt part of the table 


in 
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< inp. 6. was taken from it likewiſe, 
 PROPOSITIONI. 
PROBLEM FIG. I. 


To find the area of a rectangular pa- 
rallelogram ABCD. 


E the fide AB, for example, 
be five feet long, and BC (which 
_ conſtitutes with BC a right angle at 
B) be 17 feet. Let 17 be multi- 
plied by 5, and the product 85 will 
be the number of ſquare feet in the 
Area of the figure ABCD. But if 
the parallelogram propoſed is not 
rectangular as BEFC, its baſe BC 
multiplied into its perpendicular 
height AB (not into its fide BE) 
will give its area. This is eviden 


from 35th 1. Eucl, 


PRO- 


P 


ile, 
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PROPOSITION I. 


Pros. FIG. 2. 


To find the area of a groen triangle. 


1 the triangle BAC be given, 
_ Whoſe baſe: BC is ſuppoſed 9 


feet long, let the perpendicular AD 
| be drawn from the angle A oppoſite 


to the baſe, and let us ſuppoſe AD 
to be 4 feet. Let the half of the 
perpendicular be multiplied into the 
baſe, or the half of the baſe into the 
perpendicular, or take the half of 
the product of the whole baſe into 
the perpendicular, the product gives 
18 ſquare feet for the area of the gi- 
ven tiene. G 
But if only the ſides are given, 
the perpendicular is found either by 
protracting the triangle OT by 12. 
and 1 3. 2d Excl. or by trigonometry; 
but how the area of a triangle may 
1 . 


W 1 e of 
be found from the given ſides only Þ thi 
ſhall be ſhown in the 4th Prop. of | ce: 
this part. tn 


PROPOSITION III. 
Pros. Fis. I” 


Fo find the area of any refilineal . 


3 Sue. 


IF the figure be irregular, let it be 

1 reſolved into triangles; and draw- 
ing perpendiculars to the baſes in 
each of them, let the area of each 
triangle be found by the preceeding 
Prop. and the ſum of theſe areas 
will give the area of the figure. 


 SCHOLIUM x. 
In meaſuring boards, planks and 
glaſs, their ſides are to be meaſured 


by a foot rule divided into 100 equal 1 
parts; and after multiplying the ſides, I hor 


the 


practical Geometry, 9 
nly the decimal fractions are eaſily redu- 
ced to leſſer denominations. The 
menſuration of theſe is eaſy, when _ 
they are rectangular parallelograms. 
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| If a field is to be meaſured, let it 
firſt be plotted on paper by ſome of 
the methods Jeſcribed in the pre- 
| ceeding part, and let the figure fo 
laid down be divided into .triangles, 
as was ſhown in the preceeding pro- 
%%% cr ro 
The baſe of any triangle, or the 
perpendicular upon the baſe, or the 
diſtance of any two points of the 
held is meaſured, by applying it to 
the ſcale according to which the map 
u n e 


| 


and SC CH OLIU MH ;. 

ared ew or gn dE a op LT OY 
qual But if the field given be not in a 
des, horizontal plain, but uneven and 


the 


M237; • 
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mountainous, the ſcale gives the ho- 
rizontal line between any two points, 
but not their diſtance meaſured on 
the uneven ſurface of the field. And 
indeed it would appear that the ho- 
rizontal plain is to be accounted the 
area of an uneven and hilly country. 
For if ſuch ground is laid out for 
building on, or for planting with 
trees or bearing corn, ſince theſe 
ſtand perpendicular to the horizon, 


it is plain that a mountainous country 
cannot be conſidered as of greater iſ be 
extent for thoſe uſes than the hori- dif 
zontal plain; nay, perhaps, for nou- iſ for 
riſhing of plants, the horizontal plain ¶ let 
mayibe preferable; io 5h. ha] 
If however the area of a figure as the 


it lies irregularly on the ſurface of 
the earth, is to be meaſured, this may 


be eaſily done by reſolving it into tri- 21 
angles as it lyes. The ſum of their a- th. 
reas will be the area ſought, which ex- an 
ceeds the area of the horizontal figure II 
more or leſs according as the field is co 


more or leſs uneven. PRO- 
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PROPOSITION IV. 
Pes. 'Þ16.2:; © 


The ſides of @ triangle being given, 10 
find the area, without finding the 


90 perpendicular. 


JT ET all the ſides of the triangle 
1 be collected into one ſum, 
from the half of which let the ſides 
be ſeparately ſubſtracted, that three 
differences may be found betwixt the 
foreſaid half ſum and each ſide; then 
let theſe three differences, and the 
half ſum be multiplied into one ano- 
ther, and the ſquare- root of the pro- 
duct will give the area of the triangle. 
For example, let the ſides be 10, 17, 
21, the half of their ſum is 24, the 
three differences betwixt this half ſum 
and the three ſides, are 14, 7 and z. 
The firſt being multiplied by the ſe- 
cond, and their product by the third, 
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we have 294 for the product of the 
differences, which multiplied by the 
foreſaid half ſum 24 gives 7056; the 
ſquare- root of which 84 is the area 
of the triangle. The demonſtration 
of this, for the ſake of brevity we o- 
mit. It is to be found in ſeveral trea- 
tiſes, particularly in Clavius s pratti- 
cal Geometry. 


PROPOSITION V. 
| THEO R. Fie. 4. | P 

The area of the ordinate feure 

 ABEFGH is equal to the produtt 


of the half circumference of the po- The 
Hon multiphed into the perpendi-. © f 


cular drawn from the center of the 1 
- cercumſcribed circle tothe ſide of tbe a 
polygon. © | 7 


Or the ordinate fi gure can be re- 
ſolved into as many equal tri- 
angles, as there are ſides of the figure 5 
HAN:  *' an 


the 
the 
the 


rea 
ion 
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and ſince each triangle is equal to 
the product of half the baſe into the 
perpendicular, it is evident that the 
ſum of all the triangles together, 
that is the polygon, is equal to the 


product of half the ſum of the baſes 


(that is the half of the circumference 


of the polygon) into the common 


perpendicular height of the triangles 


drawn from the center C to one of 


the ſides, for example to AB. 
PR O POSITI O N VI. 
| PROB. FIG. 5. f Lo 


The area of a circle is found by multi- 
_ plymg the half of the periphery in- 
to the radius, or the half of the ra- 

dis into the peripher g. 


OR a circle is not different from 
an ordinate or regular polygon 
of an infinite number of ſides, and 
the common height of the triangles 
1 Into 


„ A ene 


4 * *, 


into. which the polygon (or circle) 
may be ſuppoſed to be divided, is the 


radius of the circle. 
Were it worth while, it were eaſy 
to demonſtrate accurately this pro- 

poſition by means of the inſcribed 75 

and circumſcribed figures, as is done ; 


in the 5th prop. of the treatiſe of 
Archimedes, concerning the dimen- 


ſions of the circle. 


COROLLARY. 


Hence alſo it appears that the area 
of the ſector ABCD is produced by 
multiplying. the half of the arch in- 
to the radius; and likewiſe that the 
area of the ſegment of the cirele 
ADC is found by ſubſtracting from 
the area of the ſector the area of the 
triangle ABC. 
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"PROPOSITION VII. 


Trrtor, FI. 6. 


The circle is to the ſquare of ibe di= 


ameter as 11 to 14 nearly. 


Loi if the diameter AB be ſuppo- 

ſed to be 7, the circumference 
AHKB will be almoſt 22 (by the 
22d prop. of the firſt part of this) 


and the area of the ſquare DC will 


be 49 ; and by the preceeding prop. 
of this, the area of the circle will 
be 38 , therefore the ſquare DC. 
will be to the inſcribed circle as 49 
to 38:, or as 98 to 77, that is, as 
F CO TRENs 

If greater exactneſs is required, 


you map proceed to any degree of 
accuracy; for the ſquare DC 


| is to 
the inſcribed circle as 1 to 1 ＋ 


© This ſeries will be of no fervice 


Mm tor 
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* for computing the area of the cir- 
© cle accurately, without ſome fur- 
ther artifice, becauſe it converges 
© at too ſlow a rate. The area of 
© the circle will be found exactly e- 
© nough for moſt purpoſes, by mul- 
* tiplying the ſquare of the diame- 
ter by 7854, and dividing by 
© 100090, or cutting, off four decimal 
places from. the product; for the 
© area of the circle is to the circum- 
ſcribed ſquare nearly as 7854 to 
Miese ant ods 0 nig ou | 
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77 find the ares of a given ellipſe. 
Wige 1 5075 7979 Py Tr 
J Er ABCD be an ellipſe, whole 
greater diameter is BD and leſ- 
dex. AC, hiſecting the greater per- 
pendicularly in E. Let a_ mean pro- 
Portional HF be found (by the 13 ” 


* 


* 
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6. Eucl.) between AC and BD, and 
(by the 6th of this) find the area 
of the circle deſcribed on the dia- 


meter HF. I ſay that this area is e- 
qual to the area of the ellipſe ABCD. 
For becauſe, as BD to AC, ſo the 


ſquare of BD to the ſquare of HF 


(by 2. Cor. 2oth 6. Eucl.) but (by 
the 2d 12. Excl.) as the ſquare of 
BD to the ſquare of HF, ſo is the 
circle of the diameter BD to the 
of the diameter HF: therefore as BD 
to AC, ſo the circle of the diame- 
ter BD to the circle of the diameter 


HF. And (by the 5. prop. of Ar- 


chimedes of ſpheroids) as the grea- 
ter diameter BD to the lefler AC, 
ſo is the circle of the diameter BD 
to the ellipſe ABCD. Conſequent- 
ly (by the 11th 5. Eucl.) the cirlec 


of the diameter BD will have the 
lame proportion to the circle of 


the diameter HF, and to the ellipſe 
ABCD. Therefore, by ↄth 5. Ewcl. 
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the area of the circle of the diame- 
ter HF will be equal to the area of 
| the ellipſe ABCD. VL E. V. 


SCHOLIUM. 


| From this and the two preceding 

propoſitions, a method is derived of 
finding the area of an ellipſe. There 
are two ways; 1ſt, ſay, as 1 is to the 
leſſer diameter, ſo is the greater dia- 
meter to a fourth number (which is 
found by the rule of three.) Then 
again ſay, as 14 to 11, ſo is the 

4th number found to the area ſought. 
But the ſecond way is ſhorter. Mul- 
tiply the leſſer — into the 
greater, and the product by 11 ; then 
divide the whole product by 14, and 
the quotient will be the area ſought 
of the ellipſe. For example, let the 
greater diameter be 10, and the leſ- 
ſer 7, by multiplying 10 by 7, the 
product is 70, and multiplying that 


by 11, it is 770, and dividing 1 * 
| 7 


ne- 


of 
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by 14, the quotient will be 55,which 
is the area of the ellipſis fought. - 
© The area of the ellipſe will be 


found more accurately, by multi- 


© plying the product of the two di- 


* * 


ameters by . 78544. | 
We ſhall add no more about o- 


ther plain ſurfaces, whether rectili- 


near or curvilinear, - which ſeldom 
occur in practice ; but ſhall ſubjoin 


ſome propoſitions about meaſuring 


the ſurfaces of ſolids. 


PROPOSETIONIX. Prog. 


To meaſure the ſurface of any priſm, 


IV the 14th definition of the x1, 
Eucl. a priſm is contained by 


plains, of which two oppoſite ſides 


7 — 


(commonly called the baſes) are 


plain rectilinear figures; which are 


either regular and ordinate, and mea- 


ſured by prop. 5. of this part, or 
however irregular, and then they 
are 
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are meaſured by the 3d prop. of this 
book. The other ſides are paralle- 
lograms which are meaſured by the 
1. prop. of this ſecond part, and the 
whole ſuperficies of the priſm, con- 
ſiſts of the ſum of thoſe taken alto- 
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To meaſure the Juperficies of any py 


ramid. 


Ilnce its baſis is a rectilinear fi- 
gure, and the reſt of the plains 


terminating in the top of the pyra- 

mid are triangles, theſe meaſured 
ſeparately, and added together, give 
the ſurface of the pyramid requir- 
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PROPO S 171 ON XI. : Pros, 


To meaſure the Jager ficies of ay regu- 
"Tp body. | 


— ay 


—Heſe 8 are 4080 regular, 
which are bounded by equila- 

teral and equiangular figures. The 
ſuperficies of the tetraedron conſiſts 
of four equal and equiangular trian- 
gles; the ſuperficies of a hexaedron 
or cube, of ſi equal ſquares; an o- 
ctaedron of eight equal equilate- 
ral triangles, 3:1 a dodecaedron of 


tyelve equal and ordinate pentagons. 


And the ſuperficies of an icoſiaedron 
of xwenty equal and equilateral tri- 
angles. Therefore it will be eaſy to 
ee theſe ſurfaces from what * 
been already ſno wn. 
In the ſame manner u we, may. mea- 
ſuce-the ſuperficies. of a. Jalid, con-: 
* il | 1 N rn blame 1 


N 211 * 
> we of 8.4 LE HI 2 
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PROPOSITION XI. 
POB. Fi6. 8. | 


To meaſure the ſuper ficies of a cylin- 


der. 


Ecauſe a cylinder differs very 

N little from a priſm whoſe op- 
Polite plains (or baſes) are ordinate 
figures of an infinite number of 
ſides; ir appears that the ſuperficies 
of a cylinder, without the baſes, is 
equal to an infinite number of paral- 
lelograms, the common altitude of 
all Which is, With the height of the 
ylinder, and the baſes of them all 
differ very little from the periphery 
of the cifcle Which is the baſe of 
the cylinder. Therefore this peri- 
rery ultiplied into the common 
eight, gives the ſuperficies of the 
cylinder, excluding the baſes; whieh 
are to be meaſured ſeparately 1 * 
= Þ >; hw | e p 


* 


he 
. 
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help of the 6th prop. of this part. 
This prepoſition concerning the 
meaſure of the ſurface of the cy- 
linder (excluding its bafis) is evident 
from this, Fhat when it is conceived 
to be ſpread out, it becomes a pa- 
rallelogram, whoſe baſe is the peri- 
phery of the cirele of the baſe of the 


cylinder ſtretched into a right line, 


and whoſe height is the ſame with 
the height of the cylinder. 
PROPOSITION XIII. 
To meaſure the firface of a right cone. 
Te ſurface of à right cone is 
very little different from the 


ſurface of a right pyramid; having 
an ordinate polygon for its baſe of 


an infinite number of ſides; the ſur- 
face of - which (excluding the bafe) 
is equal to the ſum of the triangles. 
f ä 
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The ſum of the baſes of tlieſe tri- 


angles is equal to the periphery of 
the circle of the baſe, and 0 com- 


mon height of the triangles is the 


ſide of the cone AB; wherefore the 
ſum of theſe triangles is equal to the 
product of the ſum of © any ahh 2 
the periphery of the baſe of the cone) 
multiplied into the half of the com- 
mon height, or it is equal to the 
product of the ſide of the cone mul- 
tiplied into the half of the periphe- 
ry of the baſe. 8 

I the area of the baſe is likewiſe 
wanted, it is to be found ſeparately 
by the 6th prop. of this part. If 
the ſurface. of a cone is ſuppoſed to 
be ſpread out on a plane, it will be- 
come a ſector of a circle, whoſe ra- 
dius is the fide of the cone, and the 
arch terminating the ſector is made 
from the periphery of the baſe. 
Whence by. corol. 6. prop. of this, 
its dimenſion may be found. 


2 


practical Geometry. 107 


COROLLARY. 


Hence it will be eaſy to meaſure 
the ſurface of a fruſtum of a cone cut 
by a plain parallel to the baſe. As to 
what relates to the meaſuring of the 
ſurface of the ſcalenous cone, becauſe 


it is not very uſeful in practice, we 


ſhall not deſcribe the method, which 

would 5 us beyond the limits of 

this treatiſe, ESA 3 
PROPOSITION XIV. 


PxOB..;Fic, 10, 


To meaſure the ſurface of a given. ſphere. 


| Et there be a ſphere, whoſe cen- 


ter is A, and let the area of its 
convex ſurface be required. Archi- 
medes demonſtrates (37. prop. 1. 


book of the ſphere and cylinder) that 


its ſurface is equal to the area of four 


O 2 great 


A. Treatiſe of 
great circles of the ſphere; "TP is, 
let the area of the pars - circle be 


108 


multiplied by 4, and t duct will 
give the area of the 1 or by 
2oth 6. and 2d 12. of Eucl. the a- 
rea of the ſphere given is equal to 
the area of a circle whoſe radius is 
the right line BC the diameter of the 
ſphere. Therefore having meaſur- 
ed (by 6. prop. of this part) the 
circle Arte with the radius BC, 
this will give the ſurface of the 
* 


PROPOSITION xv. 


Pao. Pie. 10. 


75 DE FY e 1 a ſemen of 
1108 9 Mürre. ate 


ET there ho a ſegment « cut off 
by the plain ED. Archimedes de- 
— 6K (49. and 50. 1. de ſphæra) 
char the ere of ch ſegment, ex- 


clu- 
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cluding the circular baſe, is equal t 

the area of a circle whoſe radius 
is the right line BE drawn from the 
vertex B of the ſegment to the pe- 


riphery of the circle DE. There- 


fore by the 6. prop. of this part, it 
is eaſily meaſured. 


COROLLARY x. 


Hence that part of the ſurface of 
a ſphere that lieth between two pa- 
rallel plains is eaſily meaſured, by 
ſubſtracting the ſurface of the lefler 
ſegment from the ſurface of the grea- 


ter ſegment, 


Hence likewiſe it follows that the 
ſurface of a cylinder deſcribed about 
a ſphere (excluding the baſis) is 
equal to the ſurface of the ſphere, 


and the parts of the one tothe parts of 555 


the other intercepted between plains 
ba 1 „ 


4 
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parallel to the baſis of the cylinder, 


* S in the preceedin parts ve. 

took an inch for the ſmalleſt 
meaſure in length, and an inch ſquare 
for the ſmalleſt ſuperficial meaſure; 
ſo now, in treating of the menſura- 
tion of- ſolids, - we take a cubical 


inch for the ſmalleſt ſolid meaſure. 


Of thele rog make a Srors pint ; o- 


ther liquid meaſures dep 
as is generally known. 


end on this, 


In dry meaſures, the firlot by ſta- 


5 
2 


ute, contains 19: pints, and on this 


depend the other dry meaſures: 


there- 
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therefore, if the content of any ſolid 
be given in cubical inches, it will 
be eaſy to reduce the ſame to the 
common liquid or dry meaſures, and 
converſely to reduce theſe to ſolid 
inches. The liquid and dry mea- 
ſures in uſe among other nations are 
known from their writers. 6 

As to the Enghſh liquid mea- 
© ſures, By act of Parliament 1706, 
© any round veſſel, commonly cal- 
led a cylinder, having an even 
bottom, being ſeven inches in di- 
ameter throughout, and fix inches 
deep from the top of the inſide 
© to the bottom; (which veſſel will 
© be found by compuration to con- 
tain' 230 53; cubical inches) or a- 
ny veſſel containing 231 cubical 
inches, and no more, is deemed to 
to be a lawful wine gallon. An 
Enghſh pint therefore contains 
2$ * cubical inches; two pints make 
a quart, four quarts a gallon, 18 
gallons a roundler, three round- 
) e 


. 
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lets and an half, or 63 oallons 
© make a hogſhead ; the Falk of 
© a hogſheadis a barrel; one hog- 
© ſhead, and a third, or 84 gal- 
© lons make a puncheon ; one pun- 
© cheon and a half, or two 408 
© ſheads, or 126 gallons, make a 
pipe or butt; the third part of 2 
« Pipe, or 42 gallons makea tierce; 
two pipes, or three puncheons, or 
four ER * make a tun of 
vine. Tho' the Enghſh wine- gal- 
Jon is now fixed at 231 cubical in- 
ches, the ſtandard kept in Garldhall 
15 being meafured before many per- 
© ſons of diſtinction, May 25. 1688, 
© it was found to contain only 224 
© ſuch inches. 
_ © In the Eaghſh Beer- meaſure, a 
© oallon contains 282, cabicat inch. 
es; conſequently 35 + cubical inch- 


"| 0 


© es make a pint, two p ints makea 


< quart, four quarts make a gallon, 


Fe gallons a firkin, four firkins 


a * In ale, eight gallons make 
8 a 
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a barrel. By an Act of the firſt 


of William and Mary, 34 gallons 
is the barrel, both for beer and 
ale, in all places, except within 


the weekly bills of mortality. _ 
©. In Scozland it is known that four 


gills make a mutchkin, two mutch- 


kins make a chopin, a pint is two | 
chopins, a quart is two pints, and 


a gallon is four quarts or eight 


pints. The accounts of the cubi- 
cal inches contained in the Scots 


pint vary conſiderably from each 
other. According to our Author 
it contains 109 cubical inches, 
But the ſtandard jugs kept by the 
Dean of Gild of Edinburgh (one 
of which has the year 1555, with 


the arms of Scotland, and of the 


town of Edinburgh marked upon it) 
having been carefully meaſured ſe- 


veral times, and by different per- 


ſons, the Scots pint, according 
to thoſe ſtandards, was found to 
| P con- 


— IE] 
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cal inches, the Fcots pint will con- 
tain 108.664 cubical inches. But it Þ «« 
is {ſuſpected on ſeveral grounds that 
this experiment was not made 
with ſufficient care and exactneſs. | «c 
The Commiſhoners appointed. 
by authority of Parliament to ſettle « 
the meaſures and weights in their 1 
Act of February 19. 1618, relate, 

. I 


© contain about 103 cubic inches. T 
The Pewterers jugs (by which the 1 % 
© veſſels. in common uſe are made) f. 
© are ſaid to contain ſometimes be- | < ju 
* twixt 105 and 106 cubic inch- | « 11 
© es. A cask that was meaſured « x 
by the Brewers of Edinburgh, be- 147 
fore the Commiſſioners of Excile Þſ « ,; 
© in 1707, was found to contain Þ « 
46 + Seors pints; the ſame veſſel Þ < .. 
contained 181 Engliſh ale gal- f 
; lons. du poſing this menſuration (4 7 
© to be raft, the Jcors pint will beto ſl = 
the Eugliſh ale gallon as 289 to 
© 750; and if the Eugliſb ale-gallon ſh « (@ 
be ſuppoſed to contain 282 cubi- « 
c 

c 

c 

c 

£ 


K 
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513 having cauſed fill the Lin- 
* * lithgow firlot with water, they found 


that it contained 21 + pints of the 
< juſt $2z7/zng jug and meaſure. They 
likewiſe ordain that this ſhall be 
the juſt and only firlot, and add, 


c ed 
— 

— 0 

1 

A A A 


8 
. 
* 


10 hat the wideneſs and breadneſs of 
the which firlot, under and above, 
7 1 | © even over within the burrds, ſhall 


contain nineteen inches, and the 
"| © /ixth part of an inch, and the deip- 

* neſs ſeven mches, and a third part 
of an inch. According to this Act 
(ſuppoſing their experiment and 
© computation to have been accurate) 
the pint contained only 99.56 cu- 

| © bical inches; for the content of 
t 11 ſuch a veſſel as is deſcribed in the 
© att is 2115.85, and this divided 


ade © by 21 5 gives 99.56. But by the 
es. © weight of water ſaid to fill this fir- | 
ted ot in the ſame Act, the meaſure of | I 
ttle the pint agrees nearly with the E- 1 
ieir 1 


© dinburgh ſtandard above mentioned. 
ate, * As for the Engliſh meaſures of 
Eg 2 © Corn 


%ͤX;o; 
© corn the M incheſter gallon contains © a 
© 272 5 cubical inches, two gallons * b 
* make a peck, four pecks or eight 1 © A 
© gallons (that is 2178 cubical inch- « tl 
© es) make a buſhel, and a quarter is 1 1 
« 


eight buſhels. © w 


Our Author ſays, that 19 : Scots 1 1 
pints, make a firlot ; but this docs fe 
not appear to be agrecable to the c. 
{ſtatute above mentioned, nor to the tl 
ſtandard jugs. It may be conjectu- pi 
red that the proportion aſſigned by ſW *© 
him has been deduced from ſome | © in 
experiment of how many pints, ac- E 
cording to common ule, were con- © cc 


tained in the firlot. For if we ſup- © in 
poſe thoſe pints to have been each in 
of 108.664 cubical inches, accord- 6 
ing to the experiment made in the || © bi 
1707, before. the Commiſſioners | © th 
of Exciſe deſcribed above; then || © Se 
19 : ſuch pints will amount to 
2118.94 cubical inches which a- * lik 
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grees nearly with 2115.85 the m. 
5. meaſure of the firlot by the ſtatute . to 


© above 


ve 


nn — 


— 


0 
c 


0 
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above mentioned. But it is pro- 


bable, that in this he followed the 


Act 1587, where it is ordained 
_ the wheat firlot ſhall contain 


pints and twa joucattes. A 
when firlot marked with the Lin- 


lihhgow ſtamps being meaſured, was 
found to contain about 2211 N 
cal inches. By the ſtatute of 1618, 
the barley-firlot was to contain 31 
pints of the juſt Stirling jug. 

A Paris pint is 48 cubical Paris 
inches, and is nearly equal to an 


Engl. iſh wine quart. The Boiſſeau 


contains 644. 68099 Paris cubical 
inches, or 780.36 Engl, ſb cubical 


Sm | 


55 The Roman Amphora was a cu- 


bical Roman foot, the Congius was 
the 8th part of the Amphora, the 


K extarius was one ſixth of the Con- 
gius. They divided the Sexzarms 
like the 4 or Libra. 


to two Amphoras, chat! is about I 5x 
ES. 


147 


Of dry 
meaſures the Medimnus was equal 


118 
* Enghſhlegal buſhels; and the Me- 
c Toe was the third part of the Am- 


© 
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PROPOSITION 1. PRO, 


T find the ſolid content of a Sven 
. 


B* the 2. prop. of the 2d part of 


this, let the area of the baſe 
of the priſm. be meaſured, and be 
multiplied by the height of oh priſm, 
the product will give the ſolid con- 
tent of *'the PR 5 


PROPOSITION II. POB. 
To fend the ld content ef a given 2 


pond 


* 


my - HE area of the baſe TOW found 
(by the zd prop. of the 2d part) 


let it be multiplied by the third part 


of the 2 of the Pyramid, or the 
5 


thir 
the 


tent 


pratiical Geometry, 119 
/-. third part of the baſe by the height, 
„ | the product will give the ſolid con- 

I cent by 7th 12. Eucl. 88 


or „ 610K R:0:4 4 


* If the ſolid content of ' a fruſtum 
of a pyramid is required, firſt let the 
ſolid content of the entire pyramid 

of be found, from which ſubſtract the 

„ale ſolid content of the part that is want- 

be ing, and the ſolid content of the 

ſm broken pyramid will remain. 


PROPOSITION III. Pros. 
To find the content of a given cylinder. 


THE area of the baſe being 
found (by prop. 6. of 2. part) 
if it be a circle, and by prop. 8. if it 
be an ellipſe for in both caſes it is 
a cylinder) multiply it by the height 
of the cylinder, and the ſolid con- 
tent of the cylinder will be produced. 
DAY 
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COROLLARY, Fic. 1 


And in this manner may be mea- 
ſured the ſolid content of veſſels and 
casks not much different from a cy- 
linder as ABCD. If towards the 
middle EF it be ſomewhat groſſer, 
the area of the circle of the baſe be- 
ing found (by 6th prop. of 2. part) 
and added to the area' of the middle 


circle EE, and the half of their ſum 


(that is an arithmetical mean between 
the area of the baſe, and the area of 
the middle circle) taken for the baſe 
of the veſſel, and multiplied into its 
height, the ſolid content of the gi- 
ven veſſel will be produced. 
Note, That the length of the 
veſſel as well as the diameters of the 
baſe and of the circle EF ought to be 
taken within the ſtaves; for it is the 
ſolid content within the ſtaves that 
is fought. FS 47, 


PRO- 


: | PROPOSIETION IV. Pros; 
a- To fond the lia 0 ontent of a given cone, 


y- ET the area of the baſe (found 
he LL by Prop. 6th, 2. part) be mul- 
er, | tip lied into 4 of the height, the 
Wy — {hall give the ſolid content 
rt) of the —_ 3. fo 

dle a cone is the third part of a cyli 
um but has the fame baſe and beihr. 


of PROPOSITION v. 


its . <5= © Pros. Fs: 2. and 3- 


fs 22 
a cone cui Y a allel 


Art, 1 =p - = 96 9s: on entire 


on * pro ) its ſolid con- 


or (by 0th, 12. Eucl.) 


cone be found, and thence, (by 


from which ubſtract the ſolid 
9 con- 


— 8 2 — - 
— —— 2 
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content of the cone cut off at the 


top, there will remain the ſolid con- 
tent of the fruſtum of the cone. 
How the content of the entire 


cone may be found, appears thus, 
let ABC be the fruſtum of the cone 


(either right or ſcalenous, as in the 
figures 2. and 3.) let the cone ECD 
be ſuppoſed to be compleated ; let 
AG be drawn parallel to DE, and let 
AH andEF be perpendicular on CD. 
It will be (by 2d 6. Eucl.) as CG: 
CA : : CD: CE; but (by the 4th 


prop. of the ſame book) as CA: AH 


: : CE: EF; conſequently (by 22d 
5. Eucl.) as CG: AH :+ CD: EF, 


that is, as the exceſs of the diame- 


ter of the greater baſe of the fuſtum 
abovethe leſſer baſe, is to the height 
of the fruſium, ſo is the diameter of 
the greater baſe to the height of the 
entire cone. l 


. 
Ls 3 L 


C0. 
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COROLLARY, Fic. 4. 


Some casks whoſe ſtaves are re- 
markably bended about the middle, 
and ſtreight towards the ends, may 
be taken for two portions of cones, 
without any - conſiderable error, 
Thus ABEF is a fruſtum of a 
right cone, to, whoſe baſe EF, on 
the other fide, there is another ſi- 
milar fruſtum of a cone joined EDCF, 
'The vertices of theſe cones, if they 
be ſuppoſed to be completed, will 
be found at G and H. Whence, by 
the preceeding prop. the ſolid con- 
tent of ſuch veſſels may be found. 


PROPOSITION VI. 
TARO R. P16. Fe" 
Cylinder circumſcribed about 
a ſphere, that is, having its 


baſe. equal to a great circle of the 


1 ſphere 


5 ˖ͤ 
ſphere, and its height equal to the 
diameter of the — is to the 
ſphere as 3 to 2 


Let ABEC be the quadrant of a 


circle, and ABD C the circumſcribed 


ſquare ; and likewiſe the triangle 
the revolution of the fi- 


ADC; by 
gure about the right line AC as a- 
xis, a hemiſphere will be generated 


by the quadrant, a cylinder of the 


fame baſe and height by the ſquare, 
and a cone by the triangle, Let 
theſe three be cut any how by the 
plain HF parallel to the baſe AB, 
rhe ſection in the cylinder will be a 
a Circler whoſe radius is FH; in the 
hemiſphere a circle of the radius EF; 
and in the cone, a circle of the ra- 
dius GGG. 


By the 47th . Eucl, EAg, or Hg 


2 EFę and FAg taken together, (but 
AF = FGg,becauſe AC=CD) there- 
fore the circle of the radios HF is 
cqual to a circle of the radius EF 
together with a circle of the radius 


"of, 


TT F<. 8 C 
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GF, and ſince this is true every where, 
all the circles together deſcribed by 
the reſpective radi HF, (that is the 


cylinder, ) are equal to all the circles 


deſcribed by the reſpective adi EF 
and FG (that is to the hemiſphere 
and the cone taken together ;) but by 
roth 12. Eucl. the cone generated 
by the triangle DAC is one third 
part of the cylinder generated by the 
ſquare BC. Whence it follows that 
the hemiſphere generated by the 
rotation of the quadrant ABEC, is 
equal to the remaining two third 
parts of the cylinder, and that the 


Whole ſphere is ; of the double cy= 


linder circumſcribed about it. 

This is that celebrated 39th prop. 
1. book of Archimedes of the ſphere 
and cylinder, in which he deter- 
mines the proportion of the cylin- 


der to the ſphere inſcribed to be that 


of 3 to 2. 


C0. 


e 
een 
r 
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COROLLARY. 


Hence it follows that the ſphere 


is equal to a cone having a circle 
equal to the ſuperficies of the ſphere, 
or to four great circles of the ſphere, 
or to a circle whoſe radius is equal to 
the diameter of the ſphere (by 14th 
prop. 2. part of this) for its bale, 
and its height equal to the ſemidi- 
ameter of the ſphere. And indeed 
a ſphere differs very little from the 
ſum of an infinite number of cones, 
that have their baſes in the ſurface 
of the ſphere, and their common 
vertex.in the center of the ſphere: 
ſo that the ſuperficies of the — 


(of whoſe dimenſion ſee 1 4th prop. 


2. part of this) multiplied into the 
third part of the ſemidiameter, gives 
the ſolid content of the ſphere. 


PRO- 


2 
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PROPOSITION vn. 


Pros. Fi. 6. 


To (YI? the falid. content of a fa. 
of the * dt en UB 1 


Spherical ſector ABC (as ap- 
A pears by the corol. of the pre- 


ceeding prop.) is very little different 


from an infinite number of cones, 
having their baſes in the ſuperficies 


of the ſphere BEC, and their com- 
mon vertex in the center. Where- 
fore the ſpherical ſuperficies BEC be- 


ing found (by 15. prop. 2. part) 


and multiplied into the third part of 


AB the radius of the ſphere; the pro- 
duct will give the ſolid content of 


the {ſector ABC. 


COROLLARY. 


TE is evident how to find the foli- 
dity 


x28 Wy. Treatiſe. of | 
dity of a ſpherical ſegment leſs . (t 
a . hemiſphere; by ſubſtracting the ro 
cone ABC from the ſector already ro 
found. But if the ſpherical ſegment ci 
be greater than a hemiſphere, the 74 
cone. correſponding muſt be added be 


to the ſector, to make he ſegment, Al 
"PROPPSITION vin. 5 
a: non. Fre." 7. 5 — 
25 2b find the ſolidivy of the Ipbernid and | © 
eit ſegments cut by 2 n roi 


5 aular 10 the axis. © thi 


the quads prop. ok this ns 
I it is ſhown that every where 

Fkt: EG:: C: CP ; but circles are 10 
as the ſquares deſcribed upon their th. 
rays, that is, the circle of the radius of 
EH, is to the circle of the radius 
EG as Cy ta CD/ And ſince it 
is ſo every where, all the circles de- 


ſeribed with the — it 
[5 [that 
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(that is the ſpheroid made by the 
rotation of the ſemiellipſis AFB a- 


round the axis AB) will be to all the 


circles deſcribed by the reſpective 


radii EG (that is the ſphere deſcri- 


bed by the rotation of the ſemicircle 


ADB on the axis AB) as -FG9 to 


CDg ; that is, as the if pheroid to the 


=__ on the ſame: axis, ſo is the 
ſquare of the other axis of the gene- 


rating ellipſe to the ſquare of the 
axis of the ſph ere. 
And this holds, whether the ſphe- 
roid be found by a revolution around 
the greater or leſſer axis. ; 


GORE ER POE 


Hence it appears that the half of 

the ſpheroid, farmed by the rotation 
of rhe {pace AHFC around the axis 
AC, is double of the cone generated 


by the triangle AFC about the fame 
axis; which is the 32d prop: of Ar- 
chimedes, of conoids and ſpheroids. 


C 0- 


* 
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it) by the method of indiviſibles. 
* C0- 


COROLLARY: 


Hence likewiſe is evident the mea- 
ſure of ſegments of the ſpheroid cut 
by plains perpendicular to the axis. 


For the ſegment of the ſpheroid made 
by the rotation of the ſpace ANHE 
round the axis AE, is to the ſegment 


of the ſphere having the ſame axis 


AC, and made by the rotation of the 
ſegment of the circle AMGE, as CF 


r 1 
Baut if the meaſure of this ſolid be 


wanted with leſs labour, by the 34th 
prop. of Archimedes, of conoids and 
ſpheroids, it will be as BE to AC 
+ EB, ſo is the cone of the ſame 


baſe and height to the ſegment of 


the ſphere made by the rotation of 


the ſpace ANHE around the axis 


EA; which could eaſily be demon- 
ſtrated, (was this a proper place for 


obvious. 
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3 


COR E 


Nence it is eaſy to find the ſolid 


content of the ſegment of a ſphere 
or ſpheroid intercepted between two 
parallel plains, perpendicular to the 
axis, This agrees as well to the 
oblate as to the oblong ſpheroid, as is 


00 ROLLAR T4 Fs. * 


If a cask is to be valued as the 
middle piece of an oblong ſpheroid, 
cut by the two plains DC and FG, 


at right angles to the axis. Firſt let 


the ſolid content of the half ſphe- 
roid AB CED be meaſured by the 
preceeding prop. from which let the 
ſolidity of the ſegment DEC be ſub- 


ſtracted, and there will remain the 


ſegment ABCD, and this doubled, 


will give the capacity of the cask 
requixed. 


Ra a 
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The following method is gener- 
ally. made uſe of for finding the ſo- 
lid content of fuch veſſels. The 


double area of the greateſt circle, 


that is of that which is deſcribed 


by the diameter AB at the middle 
of the cask, is added to the area of 
the circle at theend, that is, of the 


circle DC or. FG (for they are uſu- 
ally equal) and the third 2 of this 
ſum is taken for a mean baſe of the 
cask, Which therefore multiplied into 
the length of the cask OP gives the 
content of the veſſel required. 


Sometimes veſſels have other fi- 


gures, different from thoſe, we have 


mentioned ; the ealy methods of mea- 
luring which may be learned from 


thoſe. who Pr actiſe this art. What 


hath already been delivered is ſuffi- 
cient for our purpoſe. 1 | 


PRO- 


To 


practical Geometry. 133 


PROPOSITION IX. 


To find how much is contained in a 


veſſel that is in part empty, whoſe | 
axis 1s parallel zo the horizon. © 


, ET AGBH- be the great cinch 
in the middle of the cask, 


whoſe. ſegment GBH 1s filled with 


liquor, the ſegment GAH being em- 
pty ; the ſegment GBH is known, if 
the depth- EB be known, and EH a 


mean proportional between the ſeg- 
ments of the diameter AE and EB; 
which are found by a rod or ruler put 


into the veſſel at the orifice. Lex 


the baſis of the cask, at' a medium; 


be found, which: ſup ppoſe to be this | 


circle CKDL, and let the ſegment 
KCL be REA to the ſegment GAH 


(which is either found by the rule of 
er becauſe as the circle AGBH 
| is 


134 A Treatiſe of 
is to the circle CK DL, ſo is the 
ſegment GAH to the ſegment KCL ; 


or is found from the tables of ſeg- 
ments made by authors) and the 


1 of this ſegment multiplied 
by the length of the cask, will give 
the liquid content remaining in the 
cas c. | a 


P R OP 051 ＋ ION X. Pros, 


To find the ſolid content of a regular 
aud ordinate body. «© 

\ Tetracdron being a pyramid, 
I the ſolid content is found by 
the ſecond prop. of this part. The 


hexacdron or cube, being a kind of 
Y priſm, 4t 1s 7 meaſur ed * by , the rſt | 


prop. of this part. An octaedron 
confiſts of two pyramids of the 


fame ſquare baſe, and of equal heights, 


. conſequently its meaſure is found 


from the : ſecond prop. of this. part. 


A dodecaedron conſiſts of twelve py- 


ramids 


Practical Geometry. 135 


ramids having equal equilateral and 


equiangular pentagonal baſes ; and 


ſo one of theſe being meaſured (by 


2d prop. of this) and multiplied by 
12, the product will be equal to the 


ſolid content of the dodecaedron. 
The icoſiaedron conſiſts of 20 equal 
pyramids having triangular baſes, 


the ſolid content of one of which 
being found (by the 2d prop. of 
this) and multiplied by 20, gives 
the whole ſolid. The baſes and 
heights of theſe pyramids, if you 


want to proceed more exactly, may 


: be found by Trigonometry. 


PROPOSITION KI. Pos. 
To find the folid content of a body hows 


ever irregular. 


ET the given body be ian 
IL {cd ina veſſel of water, having 


the figure of a parallellopipedon or 
priſm, and let it be noted how much 


the 


_ A Treatiſe of 


the water is raiſed upon the immer- 
ſion of the body. For it is plain 
that the ſpace which the water fills, 
after the immerſion of the body, ex- 
ceeds the {pace filled before its im- 
merſion, by a ſpace equal to the ſo- 
lid content of the body however ir- 
regular. But when this exceſs is of 
the figure of a parallellopipedon or 
priſm, it is eaſily meaſured by the 
firſt prop. of this part, to wit, by 
multiplying the area of the baſe, or 
mouth of the veſſel, into the diffe- 
rence of the n of the water 
before and after immerſion. Whence 
is found the ſolid content of the bo- 
dy given. ©, E. IJ. 

= the Games way the ſolid content 
of a part of a body may be found, by 
immerſing that part only in water. 

There is no neceſſity to inſiſt here 
on diminiſhing or enlarging ſolid 
bodies in a given proportion. It 
will be eaſy to deduce theſe things 


from the 1 ith and x2th B. of Euclid. 
THE 
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0 TH E following rules are ſub- | 
joined for the ready computation 
of the contents of veſſels, and of 
any ſolids in the meaſures in uſe 
in Great Britain, | 
1. To find the content of a cy- 
lindric veſſel in Eugliſp wine gal- 
lons, the diameter of the baſe and 
altitude of the veſſel being given 
in inches and decimals of an inch. 
Square the number of inches in 
the diameter of the veſſel; mul- 
tiply this ſquare by the number 
of inches in the height; then mul- 
tiply the produet by t the decimal 
fraction 00343 and this laſt pro- 
duct ſhall give the content in 
wine gallons and decimals” of ſuch 
a gallon. Tol expreſs the rule a- 
rithmetically, let D reprefeſit the 
number of inches and decimals of 
an inch in the diameter of the 
veſſel, atid H the inches and _— 
mals of an inch in the height of 
the veſſel; then the content in 
S : Wine 
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wine gallons ſhall be DDH x 4, 
or DDH x .0034. Ex. Let the di- 
ameter D = 5 1. 2 inches, the height 
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H= 62.3 inches, then the content 
ſhall be 5 1. 2 * 51.2 * 62.3 *. 034 
= 55). 27342 wine gallons. This 
rule follows from prop. 7. of the 


ſecond part, and prop. z. of the 


third part; for by the former, the 


area of the baſe of the veſſel is in 


| {ſquare inches DD x .7854; and 


by the latter, the content of the 
veſſel in ſolid inches is DDH «* 
7854; which divided by 23 1 (the 
number of cubical inches in a wine 


gallon) gives DDH x .0034 the 


content in wine gallons. But tho? 


the charges in the exciſe are 
made (by ſtatute) on the ſuppoſi- 


tion that the wine-gallon contains 


231 cubical inches, yet it is ſaid 
that in ſale 224 cubical inches 
(the content of the ſtandard mea- 


ſured in Guildhall,as was mentioned 


 . [41 Aboye) 
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above) are allowed to be 45 wine 
allen? 

4 II. Suppoſing che Engliſh ale 
gallon to contain 282 cubical inch- 


es, the content of a cylindric veſ- 


ſel is computed in ſuch gallons, 
by multiplying the ſquare of the 
diameter of the veſſel by its height 


as formerly, and their product by 


the decimal fraction 0027851. 


That is, the ſolid content in ale 
gallons is DDH = e 8. 
III. Suppoſing the Scots pint to 
contain about 103. 4 cubical inch- 
es (which is the meaſure given by 
the ſtandards at Edinburgh, accor- 
ding to experiments mentioned 
above) the content of a cylindric 
veſſel is computed in Scots pints, 


by multiplying the ſquare of the 


diameter of the veſſel by its height, 
and the product of theſe by the 
decimal 'tra&tion -.0076. Or the 
content of ſuch a veſlel in Scots 


| at is DDH x oo. 
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rife bY; Suppoſing the Wincheſter 


© buſhel to contain 2178 cubical 


55 inches, the content of a cylindric 
© veſſel is computed in thoſe buſhels 


by multiplying the ſquare of the 
« diameter of the veffel by the 
* height, and the product by the 
decimal fraction ooo 3 66. But 
the ſtandard buſhel — been 


0 meaſured by Mr. Euerard — 0 


e thers in 1696, it was found to 
contain only 1145.6 ſolid inches; 


and therefore t was enacted in he 


Act for laying a duty upon malt, 
© That every round. buſhel with a plain 
aud even battom, being 18 inches 
diameter throughaut, and 8 inches 


« \ deep, ſhould be efkeemed a leg al Win- 


«cheſter hu hel. — 25 to this 
© A&, (ratified in the firſt Year of 
Queen Anne) the legal ouchepper 


©, buthel- contains only 2 1 50.42 ſo- 
c 1id inches. And the content of a 


©: cylindric/veſlel is computed in ſuch 
c * buſhels by. 3 e 


yy La 


0 ction . oo 3652. 
Jof the veſſel in rhoſe buſhels is 


their product by 
8 5 — This firlot, in 1426 


1 ap ; A A 


the number of * in the firlot 


5 


their product by the decimal fra- 
Or the content 


DDH x..0003652. 
5. MF Suppoſing the Hors 1 


© firlot to. contain 21 3 Heots pints, 


1 (as is appointed by the Statute 


4618) and the pint to be conform 


c to the Ediubuu gh ſtandards above 


mentioned, the content of a cylin= 
* dric veſſel in ſuch firlots is com- 
< puted by multiplying the ſquare 
«_of the diameter = the height, and 
the decimal fra- 


6 18 appointed to contain 17 pints; 
in 147 it was appointed to con- 
© tain 18 pints, in 1587 it is 19 4 


« Pints, in 1618 it is 21 + pints; 
and tho this laſt Statute appears to 


have been founded on wrong com 
putations in ſeveral reſpects, yet 
this part of the Act that relates to 


5 ſeems 
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c of the diameter by the height, and 
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and therefore We ſuppoſe the fir- 
lot to contain 21 pints of the 
. © Edinburgh ſtandard, or about 2 1 97 
1 cubical inches; ieh a little ex- 


: | e ceeds the Wincheſter buſhel; from 


5-Suppoling the bed: belor to con- 


© Sstatute 1618) and the pint con- 
form to the Edinburgh ſtandards, 
© the content of Loplindric veſſel in 
© ſuch firlots is found by multiply- 
< ing the ſquare of-the diameter by 

© the enn and this ee by 


7 000245 
© not a eirele but an ellipſis, the pro- 


the leaſt is to be ſubſtituted in 
c thoſe rules for the Mate of the 
0: Pino ge 1 4 
VII. To*'compute- the content 
2 of a veſſel that may be conſidered 


— 


© ſeems to be ae leaſt exceptionable; 


© which'it- muy, have been original- 
5 7 3 
05 "_ copied; ; 


© tain 3 Scots pints (according to the 


T When the ſection of: the veſſel i is 


duct of : the greateſt diameter by 


PITTS 1 © as | : 
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as a fruſtum of a cone in any of 
: . thoſe meaſures. - - | | 


Let A repreſent the 5 5 of 


c 


"6. 


a, inches in the diameter of the grea- 

55 < ter baſe, B the number of inches | 

1 © in the diameter of the leſſer baſe: | 
Compute the ſquare of A, the pro- | 
duct of A multiplied by B, and the — 
2 © ſquare of B, and collect theſe into ls f 
e 4 ſum. Then find the third part | 
- © of this ſum, and ſubſtitute. it in 
2 < the preceeding rules in the place | 
1 < of the {quare of the diameter; and I 
_ | © proceed in all other reſpects as || 
y 5 1 | Thus, for example, the 9 
y © content, in; wine gallons, is AA) it 

x © AB + BB Xx 7 x Hx.o036. „ | [| 
* Or to the ſq uare of half the * [| 
is < of the 9 4 — A and B, add one [| 
y | c third part of the ſquare: of half || 
n © their difference; and ſubſtitute this þ 
e | © ſum in the | preceedin g rules for 

* | £:ahe ſquare of the diameter of the 
it veſſel; forthe ſquare of 5: A＋ B 
d | * 


added to- of the ſquare. of; A— 
4; 83 


48 92 \ 
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VIII. When a veſſel is a fruſtum 
of a parabolic conoid; meaſure the 


diameter of the ſeckion at the 


middle of the height of the fru- 


tum; and the content will be pre- 
8 eilely the ſame as of a cylinder 
© of this diameter, of theſame height 
with the veſſel. 
IX. When a veſſel is a fruſtum 
ql „of a ſphere,” if you meaſure the 


c diameter of the ſection at the 


middle of the height of the u- 
tum, then compute the content of 
4 4 eylindet of this diameter of the 

s ſame height with the veſſel, and 

from this ſubſtra&'; of the con- 

c tent of à cylinder of the ſame 
8 height on a baſe whoſ 


. der will give the content of the 
m veſſel. That is, if D repreſent the 
diameter of the middle ection, and 
H the heiglit of the fruftum, y ou 


- are to ſab irute DD — HH- An | 


c the 


b y _ — * * 


e 


diameter is 
© equal to its height; the remain- 
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* 


cyline ric veſſel in the firſt fix rules. 
X. When the veſſel is a fruſtum 
of a ſpheroid, if the baſes are e- 
al, the content is readily found 
by the rule in p. 132. In other 
8 let the axis of the ſolid be to 
the conjugate axis, as u to 1; let 
D be the diameter of the middle 
ſection of the fruſtum, H the 
height or length of the fruſtum; 
and ſubſtitute in the firſt ſix rules 


DD for the fquare « of the di- 


zun 


ameter of the veſſel. 


* XI. When the veſſel is an hype — 


bolic conoid, let the axis of the f olid 
be to the conjugate axis, as # to I, 


middle of the fruſtum, H the height 


© or length, compute DD + HH, 


© and ſubſtitute this ſum "for the 


C ſquare of the diameter of the cy- 


lindric veſlel in the firſt fix We 
XII. In eee it ** to 


* 


the ſquare of the diameter of the 


D the diameter of the ſection atrhe 


ö 
| 
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© meaſure any round veſſel, by di- 
ſtinguiſhing it into ſeveral fruſiums, 


and taking the diameter of the ſe- 
« ion at the middle of each. fru- 


© ſlum; thence to compute the con- 
« tent of each, as if it was a cylin- 
« der of that mean diameter; and to 
give their ſum as the content of the 
« veſſel. From the total content 
« gomputedin this manner they ſub- 
« ſtrat! ſucceſhyely, the numbers 
« which expreſs the circular areas 


«. that, correſpond. to thoſe mean di- 


meters, each as often as there are 


_ © inches in the altitude of the fru- 
Ke e which it belongs, begin. 
ning with. the uppermoſt; and in 
this manner calculate a table for 
the ;yeſlel, by which it readily ap- 
« pears, how, much liquor is at any 
time contained in it, by taking ei- 
ther the dry or wet inches; having 
regard to the inclination or drip of 
* the veſſel when it has any). 
This method of computing the 


content 
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V hen it is a portion of a parabolic i 
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£ content of a fruſtum from the dia- 


meter of the ſection at the middle of 


its height is exact in that caſe only - 


conoid ; but in ſuch veſſels as are in 
common ule, the error is not conſi- 
derable. When the veſſel is a porti- 
on of a cone or hyperbolic conoid, 
the content by this method is found 
leſs than the truth; but When it is 
a portion of a ſphere or ſpheroid, * Ii 
the content computed in thisman- Jl 
ner exceeds the truth. The dif- 
ference or error is always the ſame 
in the different parts of the ſame 
or of {ſimilar veſſels when the 
altitude of the fruſtum is given. 
And when the altitudes are diffe- 
rent, the error is in the triplitate 
ratio of the altitude. If exactneſs 
be required, the error in meaſut- 
ing the fruſtum of a conical veſſel, 
in this manner, is + of the con- 
tent of a cone, ſimilar to the veſ- 
ſel, of an altitude equal to the 
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height ofthe fruſtum. Ina ſphere, 


"2 A YN AA A.A AA AA AMAA AA A A 


\ A A AA AA 


it is ; of a cylinder of a diameter 


and height equal to the fruſtum. 


In the ſpheroid and hyperbolic 
conoid, it is the ſame as in a cone 


generated by the right- angled tri- 
angle contained by the two ſemi- 
axes of the figure revolving about 


that ſide which is the ſemi- axis of 


the fruſtum. Theſe are demon- 
ſtrated in a treatiſe of fluxions by 
Mr. Mac Laurin, p. 25. and 715. 
where thoſe theorems are extended 


to fruſtums that are bounded by 
planes oblique to the axis in all the 
ſolids that are generated by any 


conic ſection revolving about ei- 


© In the uſual method of comput- 


ing a table for a veſſel, by ſub- 
ducting from the whole content 
the number that expreſſes the up- 
permoſt area as often as there are 


inches in the uppermoſt fruſtum, 


and afterwards the numbers for the 


© other 
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„ || © other areas ſucceſſively, it is ob- 

er © vious that the contents aſſigned 

. | < by the table, when a few of the 
ic * uppermoſt inches are dry, are ſta- 
e 8 £ = 2 little too high, if the veſſel 

1 © ſtands on its leſſer baſe, but too 

- | low when it ſtands on its greater 

it haſe; becauſe, when one inch is 

of | © dry, for example, it is not the a- 

- | * rea at the middle of the upper- 

y | © moſt fruftum, but rather the area 

5. | © at the middle of the uppermoft 

d || * inch, that ought to be ſubducted 

y from the total content, in order to 

le find the content in this caſe. 


y XIII. To meaſure round tim- 


i- | ber, let the mean circumference 
| © be found in feet and decimals of 
t- | * a foot; ſquare it, multiply this 
Y= © {quare by the decimal .079577, 
it and the product by the length. 
» | © Ex. Let the mean circumference. 
re of a tree be 10.3 feet, and the 
2, © length 24 feet. Then x0.3 * 10. 3 
R | 


re | © *.079577 x 24 = 202,615 is the 
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number of cubical feet in the tree. 
The foundation of this rule is, that 
©, when the circumference of a crcle 
is 1, the area is .0795774715, and 
that the areas of circles are as the 
© fquares of their circumferences. 
' But the common way uſed by 
N V Artificers for meaſuring round tim- 
g £ ber, differs much from this rule. 
: They call one fourth part of the 
= *<* circumference the girt, which is 
© by them reckoned the fide of à 
I  » ſquare, whole area is equal to the 
a area of the ſection of the tree; 
< therefore they ſquare the girt, and 
then multiply by the length of the 
c tree, According to their method 
the tree of the laſt example wonld 
be computed at 159.13 cubical 
feet only. How ſquare timber is 
meaſured, will be eaſily  under- 
ſtood from the preceeding propo- 
< fitions. . Fifty Solid feet of hewn 
timber, and forty of rough timber 
make a Joad;= 1-01 55700. 5 * 
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-© XIV. To find the burden of a 
ſhip, or the number of tons it will 
carry, the following rule is com- 
monly given. Multiply the length 
of the keel taken within board, by 
the breadth of the ſhip within 
board, taken from the mid- ſhip 
beam from plank to plank, and 
the product by the depth of the 
hold, taken from the plank below 

the keelſon to the under part of 
the upper deck plank, and divide 


the product by 94, the quotient 
is the content of the tonnage re- 


quired. This rule however can- 
not be accurate, nor can one rule 
be ſuppoſed to ſerve for the 
meaſuring exactly the burden of 
ſhips of all ſorts. Of this the 


reader will find more in the me- 


moires of the Royal Academy of 


3 


Our Author having ſaid nothing 
of weights, it may be af uſe to 
„ N add 


„ 


112 A Treaiſe of 
add briefly that the Eugliſh Troy- 
pound contains 12 ounces, the 
ounce twenty penny weight, and 
the penny weight 24 grains; that 
the Averdupois pound contains 16 
© ounces, the ounce 16 drams and 
that 112 pounds is uſually cal- 
led the hundred weight. It is 
commonly ſuppoſed that 14 pounds 
- Averdupors are equal to 17 pounds 
Troy. According to Mr. Ever- 
ard's experiments, one pound A. 
verdupois is equal to 14 ounces, 
1 penny weight and 16 grains 
Troy, that is, to 7000 grains; 
and an Averdupozs ounce is 437 
grains. The Scots Troy pound, 
© (which by the Statute 1718 was 
© to be the ſame with the French) 
© is commonly ſuppoſed equal to 9 
_ © 15; ounces Eugliſh Troy, or 7560 * 
grains. By a mean of the ſtan- | - 
* 
« 
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© dards kept by the Dean of Gild of 
© Edmburgh, it is 7599 3: or 7600 
grains. They who have meaſur : 


FR 


4 AA AAA ARA 2A AAR A 


1 
a 6 


Ka 


(| 


practical Geometry. 153 
ed the weights which were ſent 
from London, after the Union of 
the Kingdoms, to be the ſtandards 
by which the weights in Scotland 
ſhould be made, 2 found the 
Enghſh Averdupois pound (from a 
medium of the ſeveral weights) 
to weigh 7000 grains, the ſame as 
Mr. Everard; according to which 
the Scots, Paris or Amſterdam 
pound will be to the pound Aver- 
dupois as 38 to 35. The Scots 
Troy ſtone contains 16 pounds, 
the pound two marks or 16 ounces, 
an ounce 16 drops, a drop 36 
grains. Twenty Scots ounces make 
a Trone pound; but becauſe it is 
uſual to allow one to the ſcore, the 


Trone pound is commonly 21 


ounces. Sir John Hlene however 
makes the Trone ſtone to con- 


wwe 


tain only 19 pounds, 
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